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SEROLOGIC MARKERS OF #7378 
HEPATITIS B VIRUS INFECTION* 


Jay H. Hoofnagle, M.D. 


Liver Diseases Section, Digestive Diseases Branch, National Institute of 
Arthritis, Metabolism, and Digestive Diseases, National Institutes of Health, 
Bethesda, Bio 20205 


The number and complexity of the various serologic markers associated 
with type B hepatitis make the interpretation of these markers difficult. Yet 
there is probably no other infectious disease for which there are so many 
sensitive and specific assays to define the course of the infection. Properly 
applied, serologic markers for type B hepatitis reveal much about the stage 
of infection, degree of infectivity, and immune status of the patient. 


HEPATITIS B VIRUS ANTIGENS 


The hepatitis B virus is a 42-nanometer, double-shelled DNA virus (Figure 
1). The intact virus, referred to as the Dane particle, has an outer surface 
component of hepatitis B surface antigen (HBsAg, Australia antigen) and 
an inner core component of hepatitis B core antigen (HBcAg) (2, 5, 6). 
HBsAg can be detected in the serum during both acute and chronic infec- 
tion with this virus, largely because this antigen circulates not only as the 
surface component of Dane particles, but also as incomplete HBsAg parti- 
cles—-20-nanometer spheres and tubules. The amount of HBsAg found in 
the serum can be quite high—as much as 500 ug/ml—a concentration 
similar to that of some major normal human serum components, such as 
C, and ceruloplasmin. 

The second antigen, HBcAg, is not found free in the serum, although it 
can be extracted from intact Dane particles by careful purification tech- 
niques. By immunofluorescence or immunoperoxidase techniques, one can 


'The US Government has the right to retain a nonexclusive royalty-free license in and to 
any copyright covering this paper. 
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THE HEPATITIS B VIRUS 


DNA HBsAg 
Polymerase~ HBcAg 
3 C) , HBeAg ? 
DNA 
Dane Particle 
HBsAg HBsAg 
Sphere. Tubule 


Figure 1 Diagrammatic representation of the structure of virus-like particles found in serum 
positive for hepatitis B surface antigen (HBsAg). The 42-nanometer (nm) Dane particle, which 
is the candidate hepatitis B virus, has (@).an outer surface component of HBsAg, and (b) an 
inner core component of hepatitis B core antigen (HBcAg), inside of which is an enzyme 
(DNA-polymerase) and a molecule of double-stranded, circular DNA. The 20-nm spheres and 
tubules are probably incomplete virus particles consisting of HBsAg alone without HBcAg or 
DNA. The hepatitis B e. antigen (HBeAg) is a soluble hepatitis’ B virus antigen and is not 
associated with a virus-like form. 


find HBcAg in the nuclei of hepatocytes from persons with hepatitis B virus 
infection. In contrast, HBsAg is usually found i in the cytoplasm of hepato- 
cytes (3). 

The third antigen related to the hepatitis B virus is the so-called hepatitis 
B e antigen (HBeAg) (13). HBeAg is a soluble protein found only in HBsAg 
positive serum. HBeAg is not associated with a virus-like particle ‘and its 
relationship to the structure of the hepatitis B virus is not yet clear; most 
evidence suggests that HBeAg is a supcompoent of core antigen or its 
breakdown’ product (23). f 

The hepatitis B virus also has an endogenous enzyme—a DNA polymer- 
ase—and a distinctive, double-stranded, circular DNA (11, 18, 21). The 
DNA is approximately 3200 nucleotides in length. One of the DNA strands 
is nicked (so that the 3' and 5' ends are not joined) and the other strand 
is incomplete (leaving a single-stranded segment of the DNA that averages 
about one third of the total length). These characteristics of the hepatitis _ 
B virus place it in a viral class of its own. Recently, similar viruses were 
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found in woodchucks (Marmota monax) and ground squirrels (Spermo- 
philus beechyi) (17, 22). This led to the suggestion that these agents be 
named “‘Hepadna viruses” as they share the characteristics of having a 
distinctive, double-stranded, circular DNA, an endogenous DNA polymer- 
ase, multiple particulate forms and antigens, and a trophism for the liver. 


SEROLOGIC RESPONSES TO HEPATITIS B VIRUS 
INFECTION 


Each of the antigens related to the hepatitis B virus can induce an antibody 
response in the host during acute or chronic infection. There are basically 
three patterns of development of these antigens and antibodies: (a) acute 
symptomatic type B hepatitis; (b) self-limited and subclinical hepatitis B 
virus infection; and (c) development of the chronic HBsAg carrier state 
(10). Why certain individuals develop acute hepatitis, while others have a 
subclinical infection or develop the carrier state, is not known. Host factors 
(age, sex, ethnic or genetic background, immunological competence) rather 
than viral factors (serotype or virulence) appear to be the main determi- 
nants of outcome of infection with this virus. 


Acute, Symptomatic Type B Hepatitis 

The serologic events that occur during symptomatic acute type B hepatitis 
are depicted in Figure 2. HBsAg is the first serologic marker to appear. It 
becomes detectable during the late incubation period of the disease, 2-5 
weeks before the onset of symptoms. HBsAg rises in titer and peaks at or 
shortly after the onset of clinical illness. Generally, HBsAg persists for 1-5 
months, declining in titer and disappearing with the improvement and 
resolution of clinical symptoms. Antibody to HBsAg (anti-HBs) does not 
become detectable during the acute disease, but rather with convalescence. 
Indeed, there is often a gap or “window period” between the clearance of 
HBsAg and the appearance of anti-HBs. Anti-HBs is a long-lived antibody, 
and as such, it can be used as a reliable marker of recovery and immunity 
to type B hepatitis. 

HBcAg is not found free in the serum, but antibody to HBcAg (anti-HBc) 
is readily detectable. Anti-HBc appears shortly before or at the onset of 
clinical symptoms and quickly rises to high titers. It is the most reliable 
serologic marker of hepatitis B virus infection because it arises in virtually 
all persons infected with this virus. During the “window period” after 
HBsAg has disappeared, anti-HBc may be the only serologic marker of 
hepatitis B virus infection that is present. Initially, the anti-HBc consists of 
both IgG and IgM antibody. The IgM anti-HBc falls off in titer and disap- 
pears within 6-12 months of recovery (9). Anti-HBc is invaluable as a 
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Figure 2 The serologic events associated with the typical course of type B hepatitis. Ab- 
breviations: hepatitis B surface antigen, HBsAg; hepatitis B e antigen, HBeAg; serum glutam- 
ic-pyravic transaminase, SGPT: antibody to HBsAg, anti-HBs; antibody to hepatitis B core 
antigen, anti-HBc; antibody to HBeAg, anti-HBe. 


serologic tool in epidemiological studies and has been the best single marker 
to document previous or ongoing hepatitis B virus infection. 

HBeAg becomes detectable concurrent with or shortly after HBsAg (1, 
12). The presence of this serologic marker generally indicates the presence 
of high levels of virus, DNA polymerase activity, and intact Dane particles. 
It is usually shorter-lived than HBsAg, disappearing at or around the peak 
of clinical and biochemical evidence of acute hepatitis. Antibody to HBeAg 
(anti-HBe) arises soon after HBeAg disappears. This seroconversion from 
HBeAg to anti-HBe typically occurs at the height of clinical illness and 
biochemical evidence of hepatitis. This seroconversion does not occur in 
persons who ultimately develop the chronic HBsAg carrier state. For this 
reason, the seroconversion from HBeAg to anti-HBe is a favorable prognos- 
tic sign—indicating the start of resolution of clinical illness and viral infec- 
tion. 
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In adults, approximately 30-40% of individuals infected with the hepati- 
tis B virus will suffer symptomatic acute type B hepatitis (10). Among these 
persons, 1-3% will develop fulminant hepatitis with a fatal outcome. From 
a serologic point of view, there is little that. distinguishes persons with 
fulminant type B hepatitis. Most fulminant cases remain HBsAg-positive 
until death (although titers of HBsAg may fall), and often these persons lose 
HBeAg reactivity even as they deteriorate clinically. 


Subclinical Hepatitis B Virus Infection 
At least half of persons infected with the hepatitis B virus do not develop 
clinically apparent hepatitis, but rather have a transient subclinical infec- 
tion (also referred to as a primary antibody response or silent seroconver- 
sion) (10). The serologic events that occur in this type of infection: are 
depicted in Figure 3. HBsAg appears in low titer and for a brief period only. 
Indeed, in many persons this period of antigenemia is not detected despite 
weekly bleedings. This is followed immediately by the appearance of anti- 
HBs. Typically, such individuals develop the highest and most sustained 
titers of anti-HBs. Anti-HBc and anti-HBe also appear, but generally in 
lower titers than anti-HBs. 

Mild and transient elevations in transaminases can occur at or around the 
time of appearance of HBsAg or anti-HBs, but symptoms are absent or 





Months after Exposure 


Figure 3 The serologic events associated with subclinical hepatitis B virus infection. Ab- 
breviations: see legend to Figure 2. 
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extremely mild and nonspecific. This pattern of serologic response is com- 
mon and it probably accounts for the finding of anti-HBs (with or without 
anti-HBc) in the sera of persons who deny a history of acute hepatitis. 


Development of the Chronic HBsAg Carrier State 

Five to ten percent of adults infected with the hepatitis B virus develop the 
chronic HBsAg carrier state (10). The serologic events that occur with the 
development of the chronic carrier state are depicted in Figure 4. HBsAg 
develops during the late incubation period of the disease, rises to high titer 
(almost always > 100 xg/m1) and persists for years, or decades, or for life. 
Anti-HBs does not develop-in persons who become HBsAg carriers (al- 
though low levels of anti-HBs directed against an opposite serotype are 
found in a small percentage of carriers). In contrast, anti-HBc appears and 
rises to very high titer. This anti-HBc consists of both IgG and IgM anti- 
body. Indeed, the finding of high levels of anti-HBc, especially if belonging 
to the IgM subclass, should suggest the presence of persistent infection. 

. HBeAg appears with or shortly after HBsAg, rises to high titer and 
persists (1, 12). Chronic HBsAg carriers typically develop the highest titers 
of HBeAg (detectable by immunodiffusion as well as radioimmunoassay) 
(14). However, HBeAg does not persist as long as does HBsAg. The dura- 
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Figure 4 The serologic events associated with the development of the chronic hepatitis B 
virus carrier state. Abbreviations: see legend to Figure 2. 
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tion of HBeAg-positivity is variable, lasting for as short as a year to as long 
as a decade or more. In the majority of persons, however, HBeAg eventually 
decreases in titer and disappears, to be followed by the development of 
anti-HBe. 

Chronic HBsAg carriers typically have mild or asymptomatic acute dis- 
ease, which explains why most persons found to be HBsAg-positive deny 
a history of hepatitis or jaundice. Nevertheless, they do develop elevated 
transaminases and hepatitis. Furthermore, this hepatitis generally persists 
and develops into chronic hepatitis. The severity of the chronic hepatitis is 
variable—from a mild chronic persistent hepatitis that eventually resolves 
to a severe chronic active hepatitis that rapidly leads to cirrhosis. 

The natural history of the HBsAg carrier state has not been well defined. 
There is a tendency for the chronic liver disease associated with the carrier 
state to improve with time, resolving spontaneously after many years. Fur- 
thermore, the time of resolution of the chronic hepatitis activity often 
coincides with the seroconversion from HBeAg to anti-HBe. This explains 
why the HBsAg carrier with HBeAg is likely to have been a carrier for a 
short period of time and to have some degree of chronic hepatitis. In 
contrast, the HBsAg carrier with anti-HBe is likely to have been a carrier 
for many years and to have little or no chronic hepatitis disease activity (a 
truly “healthy” HBsAg carrier or a person with inactive cirrhosis) (7). 


INTERPRETATION OF SEROLOGIC MARKERS OF 
HEPATITIS B VIRUS INFECTION 


Sensitive assays (including radioimmunoassays) are now available for 

HBsAg, anti-HBs, and anti-HBc. While testing of sequential serum speci- 

` mens is helpful in diagnosing serologic status, frequently only a single 

. Specimen is available and a single set of results requires interpretation 
(Table 1). 

HBsAg may be present without either anti-HBs or anti-HBc (pattern 1). 
This occurs in only one situation: during the incubation period of acute, 
type B hepatitis. This finding should suggest that the patient is about to 
come down with acute, symptomatic type B hepatitis. In all but these very 
rare cases, HBsAg is present along with anti-HBc (pattern 2). This is the 
serologic pattern in both acute type B hepatitis and the chronic carrier state. 
Serologically one cannot distinguish these two possibilities. The diagnosis 
of the carrier state generally requires the finding of HBsAg persisting for 
at least six months. The finding of HBsAg should always be considered 
indicative of ongoing hepatitis B virus infection. 

The presence of anti-HBs and anti-HBc together (pattern 3) is the usual 
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Table 1 Interpretation of serologic markers of hepatitis B virus (HBV) infection 


Serologic reactivity 


Pattern HBsAg Anti-HBs Anti-HBc Interpretation 





i + - ~ early (presymptomatic) acute ee B 
A : hepatitis. 

2 + v= + (a) acute type B hepatitis, or 

(b) chronic HBsAg carrier state _ 
3 - + + recovery from type B hepatitis 
4 - © + - (a) long after HBV infection, or 

(b) immunization with HBsAg. 
5 - ~ + (a) long after‘HBV infection, or 

++. (b) immediate recovery from. type B hepatitis 


. -(c) “low level” carrier state 








finding in persons convalescent from type B hepatitis. These persons can be 
considered fully recovered and immune from further hepatitis B virus infec- 
tion. Occasionally, persons will be positive for anti-HBs alone, without 
HBsAg or anti-HBc (pattern 4). Such individuals have probably had hepati- 
tis B virus infection (especially a subclinical infection) long in the. past, 
having since lost detectable anti-HBc reactivity. This pattern of serologic 
markers is also seen in persons who have been immunized with HBsAg (as 
with a hepatitis B virus vaccine) rather than infected with the virus. 

Finally, individuals may have anti-HBc alone, without either HBsAg or 
anti-HBs (pattern 5). This pattern can be interpreted in several ways, depen- 
dent in part on the anti-HBc titer or antibody subclass—IgG or IgM. First, 
these individuals may have recovered from type B hepatitis long in the past 
and have since lost anti-HBs reactivity. In this situation, the anti-HBc titer 
should be low and should consist entirely of IgG antibody. Second, these 
persons may have recently recovered from type B hepatitis and be in the 
“window period” after HBsAg has disappeared and before anti-HBs has 
become detectable. In this situation, anti-HBc should be present in high 
titer and should consist partially. of IgM antibody. Finally, such persons 
may be “low level-carriers,” i.e. chronically infected with the hepatitis B 
virus but producing HBsAg at too low a level to be detectable. In this 
situation as well, anti-HBc should be present in high titer and may consist 
in part of IgM antibody (9). It has been suggested that such “low level 
carriers” are responsible for cases of type B hepatitis after Geese with 
HBsAg-negative blood. 

It should also.be noted that any of these five patterns may. be the result 
of passive transfer, including blood transfusion, immune serum globulin 
injection, or in newborns. 
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HBeAg AND ANTI-HBe TESTING 


Testing for HBeAg and anti-HBe is usually helpful only in persons who are 
HBsAg-positive. Recently, a radioimmunoassay for HBeAg and anti-HBe 
has become commercially available. This allows for the detection of either 
HBeAg or anti-HBe in the majority of HBsAg-positive persons (12).. 

In acute hepatitis, the finding of HBeAg correlates with early and: still ` 
active disease. Anti-HBe suggests that the infection is beginning to resolve. 
The seroconversion from HBeAg to anti-HBe usually occurs at the peak of 
disease activity and guarantees that the patient will not become a chronic 
HBsAg carrier. . 

In chronic HBsAg-positive hepatitis, the presence of HBeAg has impor- 
tant clinical correlations (Table 2). Carriers with HBeAg are more likely 
to be young, to have the recent onset of the carrier state ( < 10 years), and 
to have some degree of chronic hepatitis. In contrast, carriers with anti-HBe 
are likely to be older, to have had the carrier state for many years, and to 
have little or no underlying chronic hepatitis activity (7). , 

Recent interest in HBeAg has centered around the correlation of this 
antigen with infectivity. All HBsAg carriers should be considered poten- 
tially infectious; however, they clearly vary in degree of infectiousness. The 
presence of HBeAg appears to be a convenient marker for high levels of 
infectivity, and the presence of anti-HBe for low levels of infectivity. 
Epidemiological studies first documented the increased infectivity of. 
HBeAg-positive chronic carriers. Thus, chronic HBsAg carrier mothers 
‘who are-positive for HBeAg regularly transmit type B hepatitis to their 
newborns, whereas mothers positive for anti-HBe rarely transmit this in- 
fection (4, 16). Type B hepatitis is common following an accidental needle- 
stick exposure to blood positive for both HBsAg and HBeAg, but is rare 
after such exposure to blood containing HBsAg and anti-HBe (8, 19): The 
association of HBeAg with increased infectivity is also supported by sero- 
logic analyses. HBsAg carriers with HBeAg usually have high levels of © 


Table 2 Clinical and serologic correlates of HBeAg and anti-HBe 

















Characteristic HBeAg f Anti-HBe 

HBsAg titers high : low or moderate 
DNA-polymerase present absent 

Dane particles detectable rare or undetectable 
‘Duration of carrier state recent onset long-standing 

Serum transaminases i usually elevated usually normal 
Underlying liver disease active inactive or insigniticant 


Infectivity high ` low 
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HBsAg, detectable DNA polymerase activity, and intact Dane particles in 
the serum (15). In contrast, carriers with anti-HBe usually have low or 
moderate titers of HBsAg, absence of detectable DNA polymerase, and few 
or no detectable Dane particles. Finally, infectivity titration studies per- 
_ formed in chimpanzees have compared the titers of virus in HBsAg positive 

. sera which contain either HBeAg or anti-HBe. An HBeAg-positive serum 
was found to be infectious to a dilution of 10-8, whereas an anti-HBe 
positive specimen (with an equivalent titer of HBsAg) was infectious only 
to a dilution of 10 (20). These studies reveal that chronic HBsAg carriers 
vary considerably in degree of infectivity, and that testing for HBeAg is a 
relatively easy and seemingly accurate indicator of those carriers with high 
titers of virus. 


CONCLUSION 


Sensitive and specific assays are now available for each of the antigens and 
antibodies related to hepatitis B virus. The finding of HBsAg in the serum, 
of course, documents the presence of ongoing hepatitis B virus infection. 
Some estimate of the stage of the infection and of the degree of infectivity 
of an HBsAg-positive individual can be obtained by also testing for HBeAg 
and anti-HBe. In the HBsAg-negative individual, previous infection can be 
documented by the finding of anti-HBc, and some estimate of how recently 
the infection occurred can be had by testing for anti-HBc titer or antibody 
subclass. Finally, immunity and convalescence from hepatitis B virus infec- 
tion can be demonstrated by the finding of anti-HBs. Properly applied, these. 
antigens and antibodies can yield valuable information on the infectivity, 
stage of disease, and immune status of the patient. 
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INTRODUCTION 


During the past decade clinical applications of advances in modern im- 
munology have multiplied at an increasing rate. Nowhere has the impor- 
tance of basic concepts to the understanding of fundamental disease . 
mechanisms been more useful than in the application of knowledge con- 
cerning immune complex phenomena to features of internal medicine. Most 
recently, very sophisticated methods have been developed for estimating 
quantitative levels of immune complexes in serum or other body fluids. 
Moreover, many of these methods have been’ applied to the study of several 
common or uncommon disease states. The precise significance of elevations 
of circulating immune complexes in certain disorders is not yet clear; in 
other diseases, elevations of immune complexes have proved to be of consid- 
erable value in clinical management. The present chapter will provide an - 
overview of the general subject with emphasis. on methodology and ap- 
proaches currently available. A number of concrete examples of the possible 
clinical significance of elevations of immune complexes will be presented to 
show how this field can apply to practical patient problems. 


GENERAL FEATURES OF FORMATION 


Any humoral antibody immune response either to foreign or self-antigens 
must by definition eventually involve the formation of immune complexes. 
B cells differentiate into immunocytes or plasma cells secreting humoral 
antibody; this antibody in turn reacts with its respective antigen and in so 
doing immune complexes are formed. We use the term antibody excess 
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when the ratio of antibody to antigen in immune complexes is such that 
antibody molecules are present in excess. As the relative quantities of 
antigen and antibody approach optimal ratios for maximum precipitation 
of antigen-antibody complexes, the term equivalence is used. Then in situa- 
tions of antigen excess, instead of increasing precipitation out of complexes, 
a relationship usually is established in which soluble, and hence circulating, 
immune complexes are formed. These quantitative relationships are impor- 
tant in understanding many of the clinical features of immune-complex- 
mediated injury associated with a number of disease states (1, 2). 

One of the most important aspects of immune complex formation is that 
related to the quality and immunoglobulin class of antibody involved. Thus, 
IgM antibodies often appear to be related to certain specific types of primary 
antigens such as Gram negative bacterial lipopolysaccharides or particulate 
antigens (3, 4). Immune complexes comprised of IgM antibodies are larger 
and more rapidly cleared than are those formed from IgG or IgA antibod- 
ies. One of the most pertinent features of any immune complex is its ability 
to activate the complement system. Thus immune complexes composed of 
more than one antigen molecule and cross-linked lattice-wise by several 
bivalent IgG molecules are often capable of effective complement pathway 
activation. The same is true for immune complexes. composed of IgM 
antibodies, which in general induce very effective complement component 
activation. However, immune complexes comprised of antigen and IgA 
antibody molecules are not effective in complement activation. Thus IgA 
immune complex deposits within tissues such as are noted with dermatitis 
herpetiformis (5) or in IgA nephropathy (6, 7) clinically are not associated 
with intense complement cascade activation or the other amplifying inflam- 
matory effects associated with such sequelae. 

Besides actual immunoglobulin class and physical size of immune com- 
plexes, one of the most important fundamental features of their physiology 
within the body relates to methods of their disposal. A number of features 
are of interest in this regard. The reticuloendothelial system and particu- 
larly the hepatic Kupffer cells provide built-in clearing systems for circulat- 
ing complexes. Also of great importance is the presence of Fc receptors on 
a number of circulating blood elements such as monocytes, macrophages, 
lymphocytes (8), polymorphonuclear cells (9), and even platelets (10). Of 
even greater potential physiologic importance is the presence of actual 
receptors for activated complement components or Fc portions of immuno- 
globulins in various tissue sites. Naturally occurring receptors for activated 
complement (C3b receptors) have now been described in normal human 
glomeruli (11) as well as in other areas such as the choroid plexus (12, 13). 
In addition, naturally occurring built-in tissue receptors for the Fc portion 
of IgG have been described in the interstitium of the kidney (14) as well as 
in a number of other specific tissues including the synovium and the lamina 
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propria of the gut (15). It is still unclear why nature has endowed certain 
anatomic areas with naturally occurring receptors for immune complexes. 
The case of the renal glomerulus presents a real enigma since this structure 
represents an area particularly vulnerable to immune complex deposition 
and injury. 
Also of importance is the fact that certain tumors appear to be capable 
of induction of Fc receptors in tissues during the neoplastic process (16, 17). 
Since a number of disseminated malignancies such as carcinoma of the 
breast or colon are associated with marked elevations of levels of circulating 
complexes (18-20), the tumor-associated induction of endogenous Fc recep- 
tors in such circumstances may represent an important way by which 
tumors evade natural host defenses. Several ways in which this could hap- 
pen are depicted in Figure 1. 





Tumor cell Fe receptor 


AG-AB 
complex 


Figure 1 Tumor cells expressing heavy concentration of Fc receptors that have been satu- 
rated with antigen-antibody complexes (AG-AB). Natural killer (NK) cells or killer cells (K) 
are unable to react properly with tumor cells since AG-AB complexes block access to target 
tumor cells. Alternatively, large quantities of antigen-antibody complexes could also saturate 
Fe receptors on NK or K cells. 
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DETECTION METHODS 


A number of methods have been developed to measure’circulating immune 
complexes in serum and other body fluids. Historically perhaps the first and 
most widely applied method for examining the direct effects of immune 
complex deposition in specific disease states was immunofluorescence (21, 
22). Biopsy or autopsy material provides a ready source of tissue that can 
be directly examined for immune complex constituents such as host im- 
munoglobulin, complement components, and, in some cases, actual putative 
antigens. Application of immunofluorescence techniques to renal biopsy 
material was a natural outgrowth of experimental studies in animals di- 
rected at immunopathogenesis of experimental serum sickness or Masugi 
nephritis (21, 23). In many ways the granular lumpy-bumpy immunoglobu- 
lin and complement deposits characteristic of immune complex deposits in 
renal glomeruli during experimental serum sickness or active lupus nephri- 
tis have been established as the histologic counterpart of typical lesions 
mediated by immune complexes. A partial listing of various human disor- 
ders in which specific antigens within immune complex reactants have been 
identified in renal biopsy or other tissue locations is shown in Table 1. 
Granular immunoglobulin and complement deposition is now accepted as 
evidence of local tissue immune complex deposits and tissue injury. Surpris- 
ingly, however, in only a few human disorders studied to date have putative 
antigens also been identified by immunologic techniques in similar lesions. 
These diseases include systemic lupus erythematosus (SLE) (24), hepatitis 
B-associated vasculitis (25), and, in some patients with infective endocardi- 
tis (26, 27), malarial nephritis, or nephritis associated with schistosomiasis 
(28-30). 

In contradistinction to direct immunofluorescence studies of tissue, the 
methods now available for measuring quantitative amounts of immune 
complexes in serum have recently multiplied and been refined to an ex- 
tremely high level of sensitivity (31, 32). These methods fall into several 
distinct groups; many depend on the reaction of assay systems with ac- 
tivated complement components such as C3b or Clq in the immune com- 
plexes themselves. Some of the methods currently available for clinical use 
are shown in Table 2. Many of the current methods are extremely sensitive: 
quantitative estimations available using radioimmunoassay are accurate at 
the 2-5 ug/ml range. Methods that employ Clq, the initially reacting 
complement component (36, 37), take advantage of the fact that immune 
complexes (particularly those comprised of IgG or IgM antibodies) activate 
complement and frequently show activated complement components at- 
tached to their surfaces. Use of the conglutinin binding assay (40) also 
depends on this feature since the radioimmunoassay employing conglutinin, 
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Table 1 Human disease states in which specific antigens have been aay identified 


within immune complex deposits 








Disease category 








Antigen identified in immune complexes 
or immune complex deposits 





Connective tissue disorders 





Systemic lupus erythematosus 
Post-streptococcal glomerulonephritis 


Viral, bacterial, and parasitic diseases 





Hepatitis B~associated polyarteritis 
or vasculitis 

` Epstein-Barr (EB) virus-related 
Burkitt’s lymphoma 

Infective endocarditis associated with 
S. aureus, Streptococcus viridans 


Nephrotic syndrome associated with 
secondary syphilis 


Typhoid fever 


P. malariae, associated with nephrotic 
syndrome 

Schistosomiasis, associated with 
nephrotic syndrome 





DNA, (in glomerular nucleoprotein eluates) 
Group A strep. (by immunofluorescence in 
kidney biopsy) 


Hepatitis B antigen (identified by EM and 


immunofluorescence in tissue lesions) 

EB virus antigen (identified in tissue lesions 
by immunofluorescence) 

S. aureus or S. viridans antigens (identified 
in glomerular biopsy or autopsy material 
by immunofluorescence) 

Treponema pallidum antigen (identified by 
immunofluorescence in kidney biopsy and 
glomerular eluates) 

Gram negative Vi antigen (identified by im- 
munofluorescence of renal biopsy material) 

P. malariae antigen (identified by immuno- 
fluorescence within renal biopsy) 

S. mansoni antigen (identified by immuno- 
fluorescence in renal biopsy or autopsy 
material) 


a naturally occurring bovine antibody to activated C3, also reacts with 
complement components attached to immune complexes. 
A second major group of immune complex assays utilizes the fine specific- 


ity of various cell surface receptors as a probe for detection of immune 
aggregates. One of the most widely popularized assays involves the use of 
Raji cells, which are cultured human B cell lines showing an avid receptor 
for activated C3b or C3d (38, 39). The binding of immune complexes 
containing C3b or C3d can be utilized in an ultrasensitive radioimmunoas- 
say. Examples of immune complex binding by cultured Raji cells are shown 
in Figure 2. 

The third major type of ayei that has been utilized in examining 
immune complexes in clinical disease states relates to the physical behavior 
or size of such complexes. Shifts in size distribution of immunoglobulin, 
complement. or antigen after density gradient or gel filtration separations 
have also proven useful in identification of immune complex reactants (38). 
Thus the finding of C3 antigens or IgG in high molecular weight materials 
separated from serum or fluids suspected of containing complexes has often 
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Table 2 Commonly used methods for the clinical detection of immune complexes 











Method (reference) Comments 
Anticomplementary activity of serum False positives possible if in vitro aggregates 
(33) of yG occur 
Platelet aggregation (34, 35) Reaction may be inhibited by presence of 
rheumatoid factors 
Clq reactions (36, 37) Extremely sensitive (3 to 5 ug/ml) when used 


in radioimmunoassy; non-immune complex 
i „materials may. react directly with Clq 
Raji cell (38, 39) Sensitive (5-25 ug/ml); may show greater 


degree of sensitivity for larger (> 11S) 
complexes . 
Binding to bovine conglutinin (40) Also very sensitive (5 ug/ml). Requires C ac- 


tivation and C3d bound to immune com- 
plex; may be nonspecifically inhibited by 
aceto-amido sugars : 


Rheumatoid factor binding (41) Can be adapted to radioimmunoassy; does 
not require prior C activation by com- 
plexes 

Complexing with protein A of the Reactions markedly influenced by reactant 

staphylococcus (42) : concentration. No reactivity with IgG3 H 
chain subgroup ` 

Formation of cryoprecipitate or May not correlate with quantitative results 

cryoglobulin (43) in Raji cell or Clq binding; useful in 
‘ screening 


/ i - 
been used in clinical studies to document the presence of immune complex 
materials. 


APPLICATION OF IMMUNE COMPLEX 
DETERMINATIONS 

The number of clinical. conditions-in which immune complex assays have 
now..been applied is legion. Rather than enumerating all such instances it 
seems more worthwhile to focus on a selected number of relevant examples 
to provide useful insight-into.the current state of the art. 

Among infectious disease states infective endocarditis represents a strik- 
ing example. During the course of chronic bacterial endocarditis, prolonged 
and .potent seeding of the bloodstream with bacterial antigens as well as 
antigen-antibody complexes occurs. Levels of circulating immune complex 
during infective endocarditis have been documented by Bayer etal (44) and 
are often markedly elevated. Actually the measurement of quantitative 
amounts of such complexes may be clinically useful in distinguishing tran- 
sient bacteremia from the prolonged sepsis of infective:endocarditis (45). A 
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Figure 2 Panel A on left shows cultured Raji cells binding to sensitized erythrocytes coated 
with IgG antibody and activated complement (C3b). Panel B shows immunofluorescence 
demonstration of immune complex binding to Raji cells stained with fluorescein-conjugated 
anti-human IgG. Particulate surface staining for IgG within immune complexes is shown, 


number of other common bacterial infections such as disseminated gono- 
coccal infection (46), meningococcal sepsis (47), or pneumococcal pneumo- 
nia (48) have now been associated with circulating immune complexes. In 
the case of meningococcal disease the acute synovitis has been directly 
linked to a demonstration of immune complexes in synovial inflammatory 
cells (49). 

Parasitic infection as in malaria, trypanosomiasis, or schistosomiasis has 
repeatedly been linked with the presence of high levels of circulating im- 
mune complexes (50-54) as well as the direct tissue-damaging effects of the 
latter in immune complex renal disease (28-30, 55, 56). The clinical situa- 
tion in chronic parasitic infection appears to favor unbridled waves of 
‘circulating immune complex release since parasitic forms are notoriously 
facile in changing their external antigenic makeup—thus facilitating cycles 
of new and different immune complexes with each alteration in surface 
antigens (57, 58). 

Chronic viral infections represent a unique example of the importance of 
circulating immune complexes in human disease. Perhaps the most widely 
studied and best documented of the viral diseases is hepatitis B and the 
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various forms of disseminated vasculitis associated with it. Numerous ex- 
amples of periarteritis-like illness characterized by vascular as well as 
glomerular immune deposits of hepatitis B antigen and endogenous anti- 
body have now been recorded (25, 59, 60). This clinical picture is rather 
unique in that well-characterized antigen has also been repeatedly identified 
within immune deposit lesions. Clinically convincing serial studies of com- 
plement profiles as well as peripheral manifestations such as urticaria and 
synovitis (61, 62) provide further direct evidence for the importance of 
immune-complex-mediated phenomena during hepatitis B infection. 

Perhaps in no other major group of diseases have demonstration and 
direct study of immune complexes been more useful than in the connective 
tissue disorders. In rheumatoid synovial inflammation, the inflammatory 
process is fundamentally driven by local generation and deposition of im- 
_ mune complexes (63—66). Rheumatoid synovial fluids often contain 19S and 
larger immune aggregates of 7S IgG, and IgM rheumatoid factor as well 
as activated complement components (64). Such immune aggregates are 
ingested by local resident phagocytic cells and create more inflammation by 
subsequent lysosomal degranulation and mediator release. Perhaps the 
most extensively studied example of immune complex injury within the 
connective tissue diseases is SLE (1, 24). A typical example of immune 
complex nephritis associated with active disease is shown in Figures 3a and 
3b. In the case of SLE the documentation has been particularly convincing 
since eluates of affected glomeruli show not only marked relative quantita- 
tive concentration of immunoglobulin with anti-nuclear antibody activity 
but also the presence of DNA and other strategic nuclear antigenic materi- 
als (67). 

Recently developed sensitive radioimmunoassays have now been applied 
to studies of many patients with connective tissue diseases including, of 
course, rheumatoid arthritis (68), SLE (36, 37), juvenile rheumatoid arthri- 
tis (69), mixed connective tissue disease (70), and acute rheumatic fever 
(71). From studies reported to date it seems clear that different tests used 
to assay for circulating complexes must show unique specificity for certain 
types of complexes since quantitative test results using two, or three assay 
systems in parallel do not always show the same degree of positivity or 
reaction profile. One finding that has emerged from the literature relates to 
the findings in SLE where a variety of assay systems reveal marked quantita- 
tive elevations of immune complexes during active disease. 

A fascinating finding has also emerged during experimental work aimed 
at understanding pathogenetic mechanisms in both SLE and rheumatoid. 
arthritis: Certain elements of dense connective tissue appear to be inordi- 
nately susceptible to trapping or adsorption of immune complex reactants. 
Thus, immune reactants appear to be capable of long-term localization 
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Figure 3a Immunofluorescence demonstration of immune complex deposition within 
glomeruli affected in systemic lupus erythematosus nephritis. Note the heavy basement mem- 
brane staining for IgG. 


within dense connective tissue elements (cartilage or tendons) in joints (72, 
73). Likewise, experimental protocols by Izui et al (74) have demonstrated 
adsorption of native DNA to collagen-like materials within glomerular 
basement membrane. These latter observations suggest that circulating 
DNA in SLE may first bind to glomerular collagen-like structures and then 
absorb anti-DNA antibody from the circulation. It seems clear that other 
similar physical factors may play an important role in tissue site localization 
of immune complex materials in a number of other diverse disease states. 

‘Immune complexes comprised of tumor-associated antigens and endoge- 
nous antibodiés generated by the host may be of considerable importance 
in upsetting the critical balance between tumor and host. Serum-blocking 
factors amply demonstrated and extensively studied in a number of experi- 
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Figure 36 Immune complex deposition as in Figure 3a. The granular peripheral deposits of 
IgG in this patient are shown at magnifications higher than in Figure 3a. 


mental animal models (75-79) may be of great physiologic importance in 
allowing the tumor to escape proper immune surveillance. A considerable 
’ body of direct evidence using several sensitive assay techniques has now 
documented marked elevations of circulating immune complexes in various 
groups of patients with widely differing neoplasms (19, 20, 80-83). A direct 
correlation,.for instance, has been noted between levels of circulating im- 
mune complexes at initial diagnosis and ultimate prognosis in patients with 
leukemia (84). Recently similar studies have also been completed with 
regard to neuroblastoma (85) and in patients with carcinoma of the colon 
(20). 

. Aninteresting phenomenon in patients with cancer, which has in the past 
been attributed to immune-complex-mediated renaLinjury, is the associa- 
tion of subclinical nephritis or overt nephrotic syndrome with various tu- 
mors. A role for immune complexes composed. of host Ig and complement 
. together with carcino-embryonic antigen was.supported by the patient ini- 
tially reported by Costanza et al (86) where these immune reactants were 
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directly demonstrated in renal biopsy material. Nephrotic syndrome asso- 
ciated with other tumors, particularly malignant lymphomas.or Hodgkin’s 
disease (87), may be related to other as yet poorly defined factors since 
direct documentation of immune complexes (in the form of renal biopsy or 
autopsy immunofluorescence studies) has not been as uniform. Cell- 
mediated mechanisms may be of equal importance in the etiology of this 
latter phenomenon, as suggested by Moorthy et al (88). 

If immune-complex-mediated blocking of fundamental host defense 
mechanisms is important in tumor immunity, it may eventually be clinically 
worthwhile to take steps to rid tumor-bearing patients of complexes by such 
methods as plasmapheresis or extracorporeal immunoabsorption. To date 
there is not a large body of experience or data documenting the feasibility 
or practical results of such an approach. 

A number of miscellaneous human disease states have now been studied 
with an eye toward relating immune complexes to distinct clinical phenom- 
ena. The acute synovitis that sometimes complicates jejuno-ileal anastomo- 
sis for morbid obesity has been directly linked to immune complexes 
composed of host antibody and enteric antigens absorbed through the gut 
(89, 90). A number of observations have documented marked elevations of 
immune complex materials during the active phases of inflammatory bowel 
disease (91, 92). A correlation with some of the extra-gastrointestinal tract 
manifestations of these disorders such as arthritis, pyoderma gangrenosum, 
or iritis has been suggested in several studies. A number of patients with 
chronic active liver disease including Laennec’s cirrhosis, chronic active 
hepatitis, and biliary cirrhosis show pronounced quantitative elevations of 
circulating immune complexes (93, 94). It is not clear whether such obser- 
vations are important in assigning immune complexes a direct pathogenetic 
role or whether they represent secondary phenomena. 

Skin disorders of heterogeneous types have also been associated with 
documented elevations of circulating complexes as well as focal immune 
deposits, particularly in the basal or junctional areas of the dermis. Exam- 
ples of these findings are dermatitis herpetiformis (5), necrobiosis lipoidica 
diabeticorum (95), and erythema multiforme (96). 


CONCLUSION 


One of the most important problems related to interpretation of the myriads 
of disease states now being studied for presence of immune complexes lies 
in the perception of their real physiologic or pathogenetic importance. 
Thus, with the current extreme sensitivity of assays being used, in any large 
group of normal sera there are always a few that appear to contain mild 
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elevations of complexes. Also normal human states such as pregnancy have 
also been associated with modest elevations of immune complexes (97). 
At present one of the most important aspects of the central problem 
probably relates to how the patient or subject handles circulating com- 
plexes. If the reticuloendothelial system is not saturated and is normal, 
probably small amounts of circulating complexes are cleared rapidly and 
efficiently. However, in a disease such as lepromatous leprosy, schistosomia- 
sis, or even infective endocarditis, the tissue system for handling and dispos- 
ing of circulating complexes is saturated, and abnormal amounts of such 
materials are allowed to circulate and induce microvascular injury. Frank 
and co-workers recently documented tissue defects in handling circulating 
complexes in patients with systemic lupus erythematosus (98) and biliary 
cirrhosis (99). Rapid, easily reproduced assays for individual handling of 
immune complex material may soon be generally available and should 
greatly aid in clinical assessment of problems in various patient groups. 
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Introduction . 
Host response to bacterial infection is largely governed by characteristics 


-of the bacterial surface (Figure 1). Bacterial surface structures play a major 


role in the initiation of infection, i.e. in the adherence of bacterial cells to 
epithelial or endothelial cells of the host, and components of the bacterial 
surface are involved either directly or indirectly in host injury. Interactions 
of the bacterial surface with specific cells and humoral elements of the host 
determine the nature of the host’s defense. The inflammatory process itself, 
a fundamental aspect of host responsé to bacterial invasion, depends upon 
the ability of the host to “recognize” bacterial surface components. 

In this review article we deal briefly with the above aspects of the interac- 
tion of bacterial and host cells. Although our primary interest is in bacterial 
infections in the human host, it is important to stress that knowledge in this 
area is incomplete; we must often rely on in vitro observations and on 
studies in other animal species. Because environmental factors such as 
nutrient limitations and the presence of antimicrobial agents may pro- 
foundly influence the nature of the bacterial surface, results of in vitro 
experiments must be interpreted with caution. There are also concerns 
about the integrity and purity of isolated cell surface fractions, the effects 
of timing and dosage of administered antigens on results, and the variation 
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of responses among animal species. With these important limitations in 
mind, and given the constraints of the length of this review, we are certain 
to oversimplify matters. 


The Bacterial Cell Envelope 


The cell envelopes of gram-positive and gram-negative bacteria are 


schematically represented in Figure 2. The entire complex set of structures’ 


encompassing the cytoplasm of the cell is generally referred to as the 

- bacterial “cell envelope.” Although the cell envelope is often regarded as 
a series of concentric layers, many of its constituents are exposed to the 
external environment and therefore can be considered part of the cell sur- 
face. The differences in gram stainability of microorganisms is a reflection 
of the different compositions and organizations of their cell walls. This 
remarkably simple laboratory test can provide us important information 
regarding the clinical manifestations of infections with these two groups of 
microorganisms. 

The cell envelope not only gives an organism shape, but it is through this 
structure that a bacterium interacts with its surroundings. The control of 
nutrient entry into the cell and the exclusion of humoral and antibacterial 
molecules are governed by the cell envelope (1). Physicochemical character- 
istics such as surface charge and hydrophobicity significantly affect many 
of the interactions between the bacterial cell and its environment. 

Peptidoglycan, previously referred to as mucopeptide or murein, is 
present in the cell walls of almost all procaryotes, and it is the only cell wall 
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Figure 2 Schematic representation of the cell surfaces of gram-positive and gram-negative 
bacteria. 


component common to both gram-positive and gram-negative bacteria (2). 
Peptidoglycan comprises about 50% of the cell wall weight of gram-positive 
bacteria but only about 5-10% of the weight of the gram-negative cell wall. 
Peptidoglycan is a macromolecular heteropolymer composed of polysac- 
charide chains cross-linked through short peptides. The polysaccharide 
moiety (glycan) resembles chitin and is made up of 8-1,4 glycosidically 
linked N-acetylglucosamine and N-acetylmuramic acid residues. 

The teichoic and lipoteichoic acids of the gram-positive cell wall in some 
ways resemble the lipopolysaccharide (LPS) of the gram-negative cell wall. 
Lipoteichoic acids are found in most gram-positive bacteria as constituents 
of the cytoplasmic membrane with extensions of the polar glycerol teichoic 
acid portion of the molecule through the matrix of the cell wall to the cell 
surface (3). 
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The gram-negative bacterial cell wall is relatively complex. The outer 
membrane is characteristic of gram-negative bacteria, and LPS (endotoxin) 
is the most unique component of this structure (1). LPS is a heteropolysac- 
charide chain of repeating oligosaccharide units (the O-polysaccharide or 
“O” antigen) linked to a central acidic heterooligosaccharide (the core), 
which is covalently linked to a lipoidal, acetylated glucosamine disaccharide 
(lipid A). The composition of the O-polysaccharide varies markedly among 
bacterial species and members of the same species (4); however, the core 
structure and lipid A are similar in most gram-negative bacteria. 

An important component of the bacterial surface of some gram-positive 
and some gram-negative bacteria is a surrounding capsular polysaccharide. 
There can be considerable antigenic heterogeneity of this surface structure. 
For example, there are over 90 capsular (K) antigens found in Escherichia 
coli strains, and more than 80 serotypes of Streptococcus pneumoniae with 
antigenically distinct capsular polysaccharides. Pili (fimbriae) protrude 
from the cell surface of some gram-negative bacteria, and hair-like struc- 
tures (“fuzz”) are found on the surface of some gram-positive organisms. 


Bacterial Adherence 


A crucial event in the initiation of many bacterial infections involves the 
adherence of bacteria to epithelial cells of the host. In some instances, the 
process of adherence depends on a specific recognition system whereby the 
infecting microorganism recognizes and discriminates a specific type of host 
cell receptor (5). Host cell receptor sites interact with specific ligands on the 
bacterial surface, which results in virtually irreversible adhesion (6). 

Smith & Linggood (7) were the first to demonstrate that E. coli gastroen- 
teritis in piglets depended on the plasmid-mediated surface antigen K88. 
This K antigen is actually not a capsular structure but rather is fimbriate 
or hair-like. Evidence now exists for similar surface structures on many Æ. 
coli strains that are enterotoxigenic for man (6). Fimbriae appear to initiate 
colonization of the small intestine, a prerequisite to the development of 
toxin-mediated diarrhea. 

Some enterotoxigenic Æ. coli possess a fimbrial protein (type I pili) that 
acts as a specific ligand for sugar residues in the epithelial cell of the host 
(8). This recognition mechanism is blocked by mannose. Adherence of 
Vibrio cholerae appears to occur through an L-fucose-containing receptor 
(9). There are also mannose-resistant fimbriate colonization factor antigens 
(CFAI and ID on the surface of many enterotoxigenic Æ. coli strains (6, 10). 

Pili also mediate adherence of gram-negative bacteria to epithelial cells 
of the genitourinary tract (11) (Figure 3). Adherence of Æ. coli to uroepi- 
thelial cells is inhibited by mannose and is influenced by a number of 
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Figure 3 Electronmicrograph of a piliated E. coli strain (A); bacteria adherent to a urinary 
tract epithelial cell (B). (Courtesy of C. Svanborg Edén) 


variables including pH and the menstrual cycle (12). Svanborg Edén & 
Svennerholm (13) demonstrated that secretory IgA (S-IgA) and IgG anti- 
bodies prevent adhesion of Æ. coli to these cells; this suggests a protective 
role of antibodies to bacterial pili. Several groups of investigators (14, 15) 
have reported that patients with recurrent urinary tract infections fre- 
quently have increased uroepithelial cell receptivity for E. coli. 

Attachment of Neisseria gonorrhoeae (16) and N. meningitidis (17) to 
epithelial cells is likewise dependent upon piliation, and S-IgA and IgG 
antibodies in human genital secretions provide an inhibitory function (18). 
Heckels et al (19) suggest that pili of N. gonorrhoeae function by overcom- 
ing the electrostatic repulsive barrier that exists between the bacterial and 
host cells. 

Another mechanism of bacterial adherence has been described by Coster- 
ton et al (20). They showed that in nature bacteria may have a mass of 
tangled polysaccharide fibers extending from the bacterial surface (Figure 
4). This felt-like exopolysaccharide network, or. “glycocalyx,” may mediate 
adhesion of bacteria in microcolonies to various surfaces in the natural 
environment, as well as to certain epithelial surfaces of the human host. 

Gram-positive bacteria also have surface components that promote ad- 
herence to epithelial cells. Beachey & Ofek (21) demonstrated that adher- 
ence of group A streptococci to epithelial cells of the oropharynx is 
mediated by cell wall lipoteichoic acid. Lipoteichoic acid is present in the 
hair-like projections on the group A streptococcal surface (Figure 5). Ad- 
herence appears to be an important step in the initiation of infection by 
group A streptococci. Colonization of the vaginal epithelium is important 
in the pathogenesis of many serious group B streptococcal infections, and 
recent evidence indicates that the vaginal epithelial cell receptor contains 
sialic acid residues (22). The bacterial ligand, however, has not been defined. 
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Figure 4 Electronmicrograph showing adherent Pseudomonas aeruginosa; a felt-like 
glycocalyx is seen extending from the bacterial surface. (Courtesy of J. W. Costerton.) 


In the case of Streptococcus pneumoniae, Selinger & Reed (23) found that 
these organisms adhere poorly to oropharyngeal cells in vitro and that the 
bacterial capsule may interfere with adherence. 

Adherence is also important in the development of endovascular infec- 
tions such as endocarditis. Glucan, a dextran that is frequently produced 
by endocarditis-associated species of streptococci, may contribute to the 
“stickiness” of these bacteria to endothelial surfaces (24). The initiation of 
dental caries by certain streptococcal species- also appears to depend on 
glucan but may require cell surface proteins for attachment to the tooth 
pellicle (25). 

New concepts of the prevention and treatment of bacterial infection have 
emerged from studies on the mechanisms of bacterial adherence (5, 6). The 
use of substances to block host cell receptor sites, the administration of 
antibiotics that alter adhesive properties of bacteria, and the development 
of vaccines using surface fractions such as fimbrial antigens are all under. >” 
intensive investigation. 


Host Injury 


Once the epithelial.barrier has been breached and access has been gained 
to the tissues or the systemic circulation of the host, bacteria may preci- 
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Figure 5 Electronmicrograph of group A streptococci. The hair-like projections (“fuzz”) on 
the surface contain lipoteichoic acid and M protein. (Courtesy of P. P. Cleary.) 


pitate significant injury. Although extracellular bacterial products, or ex- 
otoxins, are responsible for many of the manifestation of host injury, the 
bacterial surface can play a major role in this regard. Perhaps the best- 
understood cell surface component in terms of its potential for causing great 
damage is the LPS (endotoxin) moiety of the gram-negative outer mem- 
brane, Numerous studies have shown that the lipid A component of LPS 
is responsible for most of its biologic activities, including pyrogenicity, 
leukopenia, hypotension, and the local Schwartzmann reaction (26). 

The lipid A component of LPS is similar in many gram-negative bacteria; 
however, quantitative or qualitative differences in the composition of LPS 
may partially explain the variable propensity for the development of the 
signs of endotoxemia seen with different gram-negative species. For exam- 
ple, the LPS of Bacteroides fragilis, an.anaerobic gram-negative bacillus, is 
chemically and biologically distinct from the LPS of aerobic gram-negative 
bacteria, and Bacteroides bacteremia is rarely associated with disseminated 
intravascular coagulation or purpuric skin lesions (27). Also, a genetic basis 
for differences in host susceptibility to the endotoxin-properties of LPS has 
been elegantly demonstrated in the C3H/HeJ mouse (28). 
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Recognition of the important role of lipid A in the manifestations of 
endotoxemia has led to the development of vaccines that might protect the 
host against this highly active molecule. Dramatic cross-protection against 
a number of gram-negative bacterial species was demonstrated by Braude 
et al (29) in animals immunized with the J5 mutant of E. coli O111. This 
mutant strain is deficient in an enzyme necessary for incorporation of 
galactose into LPS to make O-polysaccharide side chains. This approach 
circumvents the problem posed by the marked antigenic variation among 
the O antigens of LPS by leaving the common core glycolipid (2-keto-3- 
deoxyoctonate linked to lipid A) accessible for stimulation of antibodies 
active against a wide range of gram-negative bacterial core structures. 
Similar results were reported by McCabe et al (30) using the Re mutant 
strain of Salmonella minnesota. Antibodies against core glycolipid may 
function primarily by neutralizing the toxic properties of LPS (31). 

Components of the gram-positive bacterial cell wall, such as peptidogly- 
can (32) and lipoteichoic acid (3), also possess endotoxin-like properties; 
however, these molecules are considerably less potent than LPS. This may 
explain the relative rarity of shock and purpura seen with gram-positive 
bacteria. Protein A, a cell wall component of virtually all Staphylococcus 
aureus strains, was recently shown to aggregate platelets (33); this may be 
important in the pathogenesis of the thromboembolic complications of 
intravascular staphylococcal infections. 

Serious gram-negative and gram-positive bacterial infections are com- 
monly associated with activation of the serum complement system. Many 
components of the gram-negative (34) and gram-positive (35) cell surface 
can activate complement, and uncontrolled complement activation may 
play an important role in host injury. Jacob et al (36) recently demonstrated 
that C5a production can result in sticking of leukocytes to endothelial 
surfaces as well as to the aggregation of leukocytes. These events may be 
critically important in the pathogenesis of leukopenia and in the develop- 
ment of certain clinical states such as “shock lung.” Cell wall antigens may 
also interact with immunoglobulins and complement and result in various 
forms of injury associated with circulating immune complexes (37). 


Host Defense 


Successful defense against invading bacteria involves the integrated func- 
tion of specific humoral and cellular systems of the host, and this aspect of 
host response is also profoundly influenced by components of the bacterial 
surface (Figure 1). Immunoglobulins and complement are the most impor- 
tant humoral elements of host defense. Although gram-positive bacteria are 
resistant to the direct killing action of these serum factors, presumably 


BACTERIAL SURFACE AND INFECTIOUS DISEASE 37 


ae 


Classical rk Alternative 
Pathway C4 BD Pathway 
C2 | JZ j 
~ c3-4—+¢3b) OPSONIZATION 
4 C5a) CHEMOTAXIS 
de 
a KILLING 
4 
d 


Figure 6 Interactions of the complement system and the bacterial surface. 


because of the nature of their peptidoglycan, many giam negalie bacteria 
are “serum sensitive.” i 

The bactericidal activity of serum depends on activation of the entire 
complement sequence with formation of the “membrane attack complex” 
C5b-C9 (Figure 6). Immunoglobulins are important in initiating the com- 
plement-mediated killing of many, but not all, gram-negative bacteria (38). 
There appear to be several determinants of serum sensitivity of gram- 
negative bacteria including the composition of LPS (1) and the nature of 
the outer membrane proteins (39). Sérum resistance of Æ. coli does not 
correlate with the presence of capsular antigens (40); however, capsular 
material of some gram-negative bacteria may impede the killing process 
(41). Bacterial killing is attended by the disruption of the outer membrane, _ 
and, in the presence of serum lysozyme, the peptidoglycan layer is degraded 
and the bacterial wall is lysed (38). 

Serum bactericidal activity seems especially important for host defense 
against pathogenic Neisseria species (42, 43). Gonococcal strains that dis- 

` seminate from the genital tract are serum-resistant: McCutchan et al (44) 

proposed that the surface of these organisms possess “receptors” for IgG 
antibodies that block “natural” bactericidal antibodies found in normal 
human serum. Also, some patients with severe or recurrent neisserial infec- 
tions have selective deficiencies of C5, C6, C7, or C8 (45). 
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Chemotaxis, the directed migration of phagocytic cells along a chemical 
gradient, is potentially influenced by numerous bacterial surface compo- 
nents capable of activating the complement system with production of the 
chemotaxin C5a (Figure 6). Chemotaxigenesis by cell surface fractions of 
S. aureus, for example, is mediated by protein A (46), peptidoglycan, 
teichoic acid, and cell membrane fragments (47). 

Phagocytosis of bacteria is generally dependent upon the process of bac- 
terial opsonization. For many organisms, this phenomenon is mediated by 
the serum complement system with binding of the opsonically active com- 
plement fragment C3b to the bacterial surface (Figure 6). C3b and the Fc 
fragment of immunoglobulin may both function as ligands between the 
bacterial surface and specific receptors within the plasma membrane of the 
phagocyte (48). The bacterial surface components that initiate or influence 
the process of opsonization vary with the bacterial species. The 
heterogeneity of opsonic requirements found among different species and 
among strains of the same species most likely reflects differences i in their cell 
surface composition. 

Recent studies indicate that peptidoglycan is the key cell wall component 
in mediating the opsonization of S. aureus (49), and the O-polysaccharide 
of gram-negative bacteria may play a similar role for some gram-negative 
species (50). Given the immunologic cross-reactivity of bacterial peptidog- 
lycans, it has been postulated that this surface component is an important 
determinant of “natural immunity” to gram-positive bacteria (51). 

The capacity of some bacteria to evade phagocytic cells is an important 
aspect of microbial defense. Resistance to phagocytosis has long been asso- 
ciated with the presence of cell surface capsular polysaccharides. Encapsu-, 
lation is an important virulence factor of many species of bacteria that are 
pathogenic for man. Several groups of investigators have recently suggested 
that the antiphagocytic characteristic of the bacterial capsule may result 
from its interference with opsonization by normal (non-immune) serum 
(52-54), and that this phenomenon may be due to a masking effect by the 
capsule of wall constituents that would ordinarily mediate opsonization (54, 
55) (Figure 7). 

Effective opsonization of encapsulated bacteria requires specific anticap- 
sular antibodies, and patients with immunoglobulin deficiency diseases have 
difficulty primarily with infections due to encapsulated bacteria. Although 
immunization with polysaccharide vaccines usually results in.the develop- 
ment of type-specific immunity, there is also considerable cross-reactivity 
between some capsular polysaccharides (56, 57). 

Cell wall constituents other than the capsule, such as staphylococcal 
protein A (58) and the M protein of group A Streptococcus (59), which is 
located in the surface “fuzz” (Figure 5), may also interfere with bacterial 
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Figure 7 Electronmicrograph of an encapsulated S. aureus strain showing the location of C3 
on the cell wall beneath the capsular polysaccharide layer (cap). (Courtesy of S. P. Sisson.) 


opsonization by normal human serum. Beachey et al (60) extracted highly 
purified M protein, and the prospects for the development of a streptococcal 
vaccine using their methods are highly encouraging. 

Once phagocytosis has occurred, most bacterial species are rapidly killed 
within phagocytic vacuoles. Modrzakowski & Spitznagel (61) have recently 

- shown that LPS antagonizes granule cationic proteins. The influence of 
other bacterial surface components in this and other intracellular microbi- 
. cidal mechanisms remains a largely unexplored area. 

In addition to stimulation of B lymphocytes to produces „cific antibod- 
ies, a number of bacterial wall constituents may also behav as nonspecific 
polyclonal B-cell mitogens. Peptidoglycan, protein A, pneumococcal poly- 
saccharide, LPS, and lipoprotein are among these agents (62). The adjuvant 
activity of some of these cell surface fractions includes stimulation of cell- 
mediated immune responses. Studies by Chedid et al (63) revealed that 2e 
adjuvant activity. of Freund’s complete adjuvant is due to the minimal 
adjuvant-active structure of the mycobacterial peptidoglycan N-acetyl 
muramyl-L-alanyl-p-isoglutamine, referred to as MDP (muramy]l dipep- 
tide). These investigators found that administration of water-soluble syn- 
thetic MDP to animals leads to the development of nonspecific resistance 
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against Klebsiella pneumoniae (64). Although agents that promote non- 
specific resistance have been shown to stimulate B and T cells and to 
activate macrophages, the exact mechanism(s) responsible for the activity 
of nonspecific immunopotentiators is yet to be established. 


Conclusions 

Research over the past decade has dramatically increased our under- 
standing of the biologic significance of the bacterial surface. The achieve- 
ments in this realm of biology are founded upon years of basic research into 
the chemical composition and physical structure of the microbial cell sur- 
face. Investigators in this field have deepened our appreciation of many 
phenomena in the area of bacterial pathogenesis. We now have more under- 
standing of how infection becomes established, how bacteria elicit injury, 
and how the host and some microbes defend themselves from each other. 
Knowledge of cell surface structure in relation to biologic function has 
resulted in innovative approaches to the development of bacterial vaccines 
and has led to new concepts of the actions of antimicrobial agents. From 
the perspective of the medical sciences, we have only begun to realize the 
great promise of this area for the prevention and treatment of human 
infectious disease. 
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INTRODUCTION 


Chlamydia trachomatis has long been recognized as the causative agent of 
trachoma, a chronic conjunctivitis affecting hundreds of millions of people 
in developing countries and resulting in millions of cases of blindness (1). 
Recent studies, however, have focused on the role of C. trachomatis in 
diseases of individuals living in industrialized countries (2, 3). In this milieu ` 
most C. trachomatis infections are sexually transmitted and they, as other 
sexually transmitted pathogens, have reached epidemic levels. An estimated 
3 million chlamydial infections occur each year in the US, as compared to 
2 million gonococcal infections (4). Chlamydial disease occurs in both men 
and women and there are important consequences to infants with perinatal 
exposure ‘to chlamydiae (2). 

This review focuses on the spectrum of disease associated with C. tra- 
chomatis (non-lymphogranuloma venereum, non-LGV) infections in indus- 
trialized societies. Because the diseases of the genital tract are reviewed 
extensively elsewhere, a major focus here is the newly developed informa- 
tion relevant to chlamydial infections in infants (2). 
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THE ORGANISM 


The chlamydiae are a group of obligate intracellular bacteria separated into 
their own order, Chlamydiales (with one family, Chlamydiaceae), on the 
basis of their unique growth cycle which distinguishes them from all other 
microorganisms (5). This cycle involves infection of a susceptible host cell 
by a Chlamydia-specified phagocytic process so that these organisms are 
preferentially ingested (6). Preliminary studies suggest that there may be 
specific receptor sites on the host cell for different chlamydial agents. For 
example, N-acetyl glucosamine and sialic acid have both been implicated 
as possible attachment sites for different chlamydiae (7, 8). After attach- 
ment and ingestion the chlamydiae remain in a phagosome throughout the 
growth cycle, but surface antigens of chlamydiae appear to inhibit 
phagolysosomal fusion (9). These two virulence factors, enhanced ingestion 
and inhibition of phagolysosomal fusion, speak for an exquisitely adapted 
parasitism. Once in the cell the chlamydial elementary body, which is the 
infectious particle, changes to a metabolically active replicating form called 
the reticulate body (initial body), which synthesizes its own mac- 
romolecules and divides by binary fission. The chlamydiae are energy para- 
sites and do not synthesize their own ATP, thus energy-rich compounds 
must be supplied to them by the host cell (10). As the end of the growth 
cycle is reached (approximately 48 hours) the initial bodies reorganize into 
elementary bodies and these particles are released to initiate new infectious 
cycles. 

There are two species within the genus (5). Chlamydia psittaci is the 
causative agent of psittacosis and a common pathogen in avian species and 
lower mammals. Chlamydia trachomatis seems to be a specifically human 
pathogen (except for a few strains of rodent origin). The two organisms are 
differentiated on the basis of glycogen-containing inclusions that stain with 
iodine (C. trachomatis is positive while C. psittaci is negative in this test) 
and sensitivity to sulfonamides (C. trachomatis is sensitive while C. psittaci 
is resistant). 

All chlamydiae share a common genus-specific antigen. The C. trachoma- 
tis strains also share species- and type-specific antigens to a varying degree. 
There are 15 serotypes currently recognized (3). Three of these serotypes 
(L-1, L-2, and L-3) represent the agents causing lymphogranuloma vene- 
reum (LGV). LGV strains appear to have different receptor sites and a 
much broader tissue spectrum in vivo and host spectrum in vitro than the 
other C. trachomatis strains. They should not be included in the same 
species. The other serotypes of C. trachomatis represent the agents causing 
endemic blinding trachoma (A, B, Ba, and C) and the sexually transmitted 
C. trachomatis strains (D through K), which cause inclusion conjunctivitis, 
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urethritis, cervicitis, etc, and may be capable of causing sporadic eye disease 
that is clinically indistinguishable from trachoma. 


METHODS OF DIAGNOSING C. TRACHOMATIS 
INFECTIONS 


The principles of diagnosing chlamydial infection are essentially the same 
as those of diagnosing any other microbial infection. The agent may be 
demonstrated by cytology in clinical specimens; serologic means may be 
used to demonstrate rising antibody titers to chlamydial antigens; or the 
agent may be isolated from the patient’s tissues (11). 


Cytology 

The unique growth cycle of Chlamydia and their intracellular milieu pro- 
vide specific markers to be used in cytodiagnosis. The demonstration of 
inclusions (intracellular colonies of chlamydiae) in conjunctival scrapings 
or genital tract specimens was the method used to elucidate the epidemi- 
ology and clinical spectrum of chlamydial infections prior to the 1960s, but 
these procedures cannot be recommended because of poor sensitivity. 
Cytology (usually using the Giemsa stain) is still useful in areas where more 
sophisticated laboratory technology is not available or in some instances 
where rapid diagnosis can be achieved, but it must be recognized that a 
failure to demonstrate inclusions will not rule out a chlamydial infection. 


Serology 


Serology is not particularly useful in diagnosing C. trachomatis infections, 
particularly those of the genital tract (12). There is an abundant immune 
response to chlamydial infections (3). Virtually all individuals who are not 
treated very early in the course of their infection will develop a measurable 
antibody response; cell-mediated immune response is also stimulated (13). 
Serodiagnosis is made difficult by the very high prevalence of anti- 
chlamydial antibody in sexually active populations. In addition, many 
chlamydial infections are chronic, and thus the patient may not be seen at 
an appropriate time to allow acute and convalescent sera to be collected and 
show increasing titers. It is more common to find static responses. 

The two serologic tests that have been used for chlamydial infection are 
the complement fixation (CF) test and the microimmunofluorescent (micro- 
IF) test (3, 14). The CF test is not particularly useful in diagnosing C. 
trachomatis infections other than LGV. The micro-IF test is a much more 
sensitive test and allows determination of the immunoglobulin class of 
antibody. 
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There are not yet enough data to depict the typical antibody response to 
the systemic infections with C. trachomatis (except in infants). For the 
superficial infections IgM antibodies seem to appear 1-2 weeks postinfec- 
tion and usually persist for approximately 30 days in the untreated individ- 
ual. IgG antibodies, which are usually found as early as the IgM antibodies, 
will persist for years and possibly for life, although the levels may fall with 
time. Antibodies found in tears or genital tract secretions may be produced 
locally but more often reflect circulating antibodies (15, 16). 

With reinfection IgM antibodies are usually detected and there may or 
may not be a four-fold increase in IgG titer. Heterotypic second infections 
occasionally result in rising IgG titers to the original infecting sero- 
type, whereas the IgM response is more specific for the second infecting 
serotype. 

Although the immune response to the chlamydial infection is easily 
detected, it is not known if the antibodies measured by micro-IF play any 
role in resistance to reinfection. Some evidence: suggests that a relative 
resistance to reinfection may follow repeated infection. Preliminary studies 
with trachoma vaccines demonstrated some short-lived protection against 
infection (3, 17). Unfortunately, a more severe disease occurred in some of 
the immunized individuals. This observation, together with experimental 
studies on infecting primates, led to the suggestion that chlamydial diseases 
are immune-mediated. In our-opinion, this conjecture is unwarranted. Pri- 
mary chlamydial infections obviously can cause disease. Antigen-antibody 
or cell-mediated immune reactions at the involved sites can add to the 
disease process, but are not necessarily responsible for the entire process. 
Treatment with steroids reactivates some inapparent chlamydial infections, 
causing exacerbations (18, 19), and immunosuppression may predispose a 
person to systemic chlamydial infection (18, 20). 

In selected instances, serology may be useful in diagnosing the infection; 
for example, in an adult’s first acquisition of chlamydiae (paired sera will 
show rising titers) (21). In some diseases involving systemic complications 
of superficial chlamydial infections, the exceptionally high titers seen may 
possibly provide some corroboration for clinical diagnosis. For example, 
women who develop acute salpingitis from a chlamydial infection will have 
much higher antibody levels than women with uncomplicated cervicitis 
(22); men with chlamydial epididymitis will have much higher antibody 
titers than men with chlamydial urethritis. The rule of thumb is that sys- 
temic complications result in higher antibody titers quite similar to the high 
titers observed in individuals with proven LGV infections. This is seen also 
in infants with perinatally acquired infection: an infant with pneumonia will 
have much higher antibody titers than a child developing uncomplicated | 
conjunctivitis (23, 24). 
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Cultural Methods 


The ideal method of diagnosing chlamydial infections is isolation of the 
organism from the involved site. Because chlamydiae are obligatory in- 
tracellular parasites, isolation attempts cannot be performed on artificial 
media but require a tissue culture facility. The methods of choice involve 
treating a susceptible cell monolayer with an antimetabolite that interferes 
with the replication or metabolism of the host cell while allowing 
chlamydial functions. The two most commonly used methods involve treat- 
ment of McCoy cells with either 5-iodo-2-deoxyuridine or cycloheximide 
(25, 26). The most important single step in the isolation procedure involves 
enhancing the contact (by centrifiguation) between the host cell and the 
Chlamydia (27). After an appropriate incubation period, which varies from 
24 to 72 hours depending upon staining procedures used or the necessity 
for an early diagnosis, the monolayers are stained and examined micro- 
scopically for the presence of inclusions. 

Isolation procedures are usually the methods of choice in diagnosing 
chlamydial infections, but they are not without pitfalls. It is imperative that 
the involved anatomic site be appropriately sampled. Culture of discharges 
is inadequate and an adequate sample of involved epithelial cells must be 
obtained. The sensitivity of chlamydial culture techniques is unknown. 
Thus, there is no “gold standard” with which one can compare chlamydial 
serologic procedures. The sensitivity of culture techniques for nongonococ- 
cal urethritis or cervicitis is probably about 70-80%. Culture for other 
conditions (except neonatal conjunctivitis) is likely to be less sensitive. 
Systemic infections are probably harder to diagnose by isolation procedures 
because of sampling vagaries as well as difficulties in timing sample collec- 
tion. Therefore, in some systemic infections with elevated antibody re- 
sponses, serodiagnosis may be preferable to isolation. In some infants we 
have recovered the organism from lung biopsies at a time when we could 
not culture it from the upper respiratory tract, but all these infants had high 
IgM antibody titers, which would have supported the diagnosis and re- 
moved the necessity for an invasive procedure. 


CLINICAL SPECTRUM OF CHLAMYDIAL 
INFECTIONS 


Male Genital Tract 

Chiamydiae are the leading identified cause of nongonococcal urethritis 
(NGU) in men (2, 28). Most studies have shown that C. trachomatis can 
be associated with 25-50% of NGU. The etiology of the remainder of NGU 
cases is still obscure, although Ureaplasma urealyticum appears to be the 
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best candidate for the majority of other cases (21, 29). Both Chlamydia and 
Ureaplasma are sensitive to tetracyclines and these are the drugs of choice 
in managing NGU (2, 30). 

Routine epidemiologic treatment of female sex partners of men with 
NGU is indicated. One third of women whose male partners have NGU will | 
have a chlamydial infection of the cervix and more than two thirds of those 
whose male partners are Chlamydia-positive will have such infections. 

Most of the 20-35% of men with gonorrhea who have a concomitant 
infection with C. trachomatis will go on to develop postgonococcal urethri- 
tis (PGU), a specific subset of NGU (31-33). Chlamydial infections do not 
respond to the short courses of penicillins used to treat gonorrhea, so these 
men develop a urethritis despite eradication of the gonococcal infection. 
Because the gonococcus is also usually sensitive to tetracycline, the Center 
for Disease Control (CDC) recommends that tetracycline (2 g/day X 5 
days) be considered as a first treatment choice (as are penicillin and ampicil- 
lin regimens) for gonorrhea. Treatment with tetracycline will presumably 
be effective against the incubating or established chlamydial infection and 
thus prevent the development of PGU. Since 2 g/day of tetracycline for 7 
days is effective in treating NGU, a tetracycline regimen is a reasonable 
treatment of choice for all male urethritis. 

There are some obvious problems with the tetracycline regimen. It will 
not eradicate incubating syphilis; there is always a compliance problem with 
any long-duration therapy; tetracyclines are contraindicated for treating 
pregnant women, one of the populations most needing antichlamydial 
therapy. To deal with some of these problems, Oriel suggests immediate 
treatment with penicillin for gonococcal infections, with the patient being 
- given a follow-up of 7 days of oral tetracycline. Thus, the patient is immedi- 
ately treated for the gonococcal infection and starts the tetracycline treat- 
ment the next day (removing the problem of combining a bacteriostatic and 
bacteriocidal drug). 

Epididymitis appears to be the major complication of chlamydial urethri- 
tis in men. A study by Berger et al (35) identified C. trachomatis in 
epididymial aspirates from men with “idiopathic” epididymitis. Chlamydia 
were recovered from epididymitis at a higher frequency than gonococci in 
men younger than 35 years. 

Chlamydia may also be associated with proctitis in either men or women 
(36, 37) but the prevalence of this infection and a causative association 
between Chlamydia and the rectal inflammation has not been proven. It is 
likely that Chlamydia contribute to the “gay bowel syndrome” and cause 
a nongonococcal proctitis just as they cause a nongonococcal urethritis. 

Reiter’s Syndrome will develop in some men following bouts of NGU. 
Some studies have found C. trachomatis in more than 60% of men with 
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Reiter’s Syndrome and signs of urethritis (38). Since Reiter’s Syndrome 
appears to occur in a genetically predisposed population (approximately . 
95% of patients are HLA B-27 positive) and the agent is rarely recovered 
from extragenital sites, the exact relationship of Chlamydia to this disease 
remains obscure; it has been speculated that C. trachomatis infection is a 
trigger mechanism (39). 


Female Genital Tract 


Holmes has pointed out that the clinical spectrum of chlamydial infections 
of the genital tract virtually parallels the spectrum of gonococcal genital 
tract infections (34). Thus, asymptomatic and clinically inapparent infec- 
tions are recognized for both men and women. These are usually discovered 
during routine screening procedures or as a result of contact tracing from 
symptomatic patients. The site most commonly infected in women is the 
cervix. Chlamydial infection here appears to be restricted to the endocervi- 
cal canal as the organism. has never been shown to grow in vaginal squa- 
mous cells. Thus, it is not associated with vaginitis or ectocervicitis. The 
infected cervix may range from a clinically normal examination to a 
severely eroded cervix with hypertrophic cervical erosions and a mucopuru- 
lent endocervical discharge (40). Follicle-like lesions similar to those seen 
in the conjunctiva may develop in the cervix. Ectopy is often associated with 
C. trachomatis, but it can be induced by a number of other stimuli. In one 
large series, the only two organisms found to be associated with chronic 
cervicitis and purulent endocervical discharge were C. trachomatis and N. 
gonorrhoeae (41). ït is possible that empirical management of cervicitis will 
evolve just as such management developed for NGU (i.e. rule out other 
pathogens and treat with tetracycline). Chlamydial infections of the cervix 
do respond to treatment with tetracycline (1 g/day X 14 days). Erythromy- 
cin is an alternative choice and is indicated for pregnant women. 

C. trachomatis may also infect the urethra of women and such infection 
has been associated with dysuria (42). Of the Chlamydia-positive female 
partners of men with NGU, ~25% had the agent apparently restricted to 
the urethra, ~50% yielded organism from both cervix and urethra, and 
~25% had infection restricted to the cervix. C. trachomatis is likely one 
of the causes of urethritis or the urethral syndrome in women. 

The most serious complication of chlamydial infection in women is acute 
salpingitis. The rate at which this disease occurs is not known. In Sweden 
where the incidence of gonococcal infections has been decreasing, the rate 
of acute salpingitis has been increasing. In one study where isolation at- 
tempts were performed on material aspirated during laparoscopy from the 
involved fallopian tubes, C. trachomatis was recovered from 30% of the 
women with acute salpingitis (43). All evidence to date suggests that 
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chlamydial etiology of acute salpingitis in the US is less, on the order of 
. 10-20%. Comparable isolation data are not available since none of the 
research protocols being followed in the US involve needle biopsy of the 
fallopian tube (as is done in Sweden). Three studies that sought C. tra- 
chomatis in culdocentesis fluids or swabs at the fallopian tubes of women 
with acute salpingitis reported recovery rates ranging from 0 to 10% (44— 
46). Serologic evidence suggested that 20% of acute salpingitis in Seattle or 
San Francisco was associated with chlamydial infection (44, 46a). Studies 
from Scandinavia and England also note that some women with acute 
salpingitis have very high antibody titers of IgG or IgM class to C. tra- 
chomatis (22, 47). In addition, serologic evidence indicates an association 
between C. trachomatis and the Fitz-Hugh-Curtis Syndrome or the 
perihepatitis and peritonitis associated with some cases of salpingitis (48). 

The means by which chlamydiae (or. gonococci for that matter) gain ` 
access to the fallopian tubes is not known. Obviously, salpingitis usually 
represents an ascendence of a lower genital tract infection. It is not clear, 
however, whether the pathogens reach the tubes by attachment to sper- 
matozoa, are spread by phagocytes, or move by extension of infection 
through the uterus. A characteristic common to both chlamydial and gono- 
coccal infection in women is that both organisms cause an endocervicitis. 
It is tempting to speculate that this infection breaks a barrier protecting the 
uterus and fallopian tubes from vaginal flora. Thus, owing to the damage 
caused by chlamydial (or gonococcal) infection of the endocervix, flora from 
the lower genital tract might gain access to the fallopian tube. Because 
chlamydiae or gonococci are probably more invasive than most other organ- 
isms present in the vagina, they would be more likely to cause salpingitis. 
However, other organisms may be present in larger quantities and they may 
reach the tubes as a result of endocervical damage caused by chlamydiae 
and gonococci. This could explain the discordant results of cervical and 
tubal cultures that are seen in some cases of salpingitis. Intrauterine devices 
may also predispose to salpingitis by a similar mechanism—the tail may 
induce endocervical damage. 

Infective genital tract discharges, when they reach the eye either by 
hand-to-eye transmission or during sexual activity, can cause an acute 
follicular conjunctivitis called inclusion conjunctivitis in adults (1, 3, 17). 
The cervix is also the source of infection to the newborn infant passing 
through the infected canal. 


Infection in Neonates 


CONJUNCTIVITIS The acute conjunctivitis of infants, inclusion conjunc- 
tivitis of the newborn (ICN) or inclusion blennorrhea, as it was termed in 
the early 1900s by the first workers to observe it, is a mucopurulent conjunc- 
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tivitis that develops approximately 5-14 days after birth (17). Recent pro- 
spective studies have shown that approximately one third to one half of 
infants exposed at birth will develop ICN, presently the most common form 
of conjunctivitis in the first month of life (2, 24, 49-51). The disease is 
characterized by marked conjunctival erythema, moderate lymphoreticular 
proliferation, and copious purulent discharge. Untreated, it usually lasts 
several weeks, but eventually clears without affecting vision, although con- 
junctival scarring and micropannus may be seen. In severe cases diagnosis 
is readily made by demonstrating the typical inclusion bodies by a Giemsa 
stain of conjunctival scrapings (52). The Chlamydia are also readily cul- 
tured from the eye. Serologic diagnosis is not helpful because of the presence 
of maternally transmitted antichlamydial IgG antibody and the uncertain 
appearance of IgM in this illness (23, 24). 

Time-honored treatment has been topical sulfonamides, erythromycin, or 
tetracycline ointments. Recent studies show that topical treatment alone is 
often inadequate for conjunctivitis. Furthermore, topical treatment does not 
affect nasopharyngeal carriage, nor does it prevent the development of. 
respiratory tract disease (53, 54). For these reasons we recommend systemic 
treatment with erythromycin (40 mg/kg/day for 10-14 days). 


CHLAMYDIAL PNEUMONIA The first suspected case of chlamydial 
pneumonia was observed in a prospective study aimed at defining the inci- 
dence of ICN (55). Shortly after this first report Beem & Saxon (23) pub- 
lished a series of retrospective and prospective cases of chlamydial 
pneumonia in young infants. Their report was followed by studies from 
other centers, and the clinical entity of chlamydial pneumonia is now well 
defined (56). While early studies included cases with concomitant viral 
infections (23, 57), it has become clear that Chlamydia can be and often are 
the sole causative agents of pneumonia (24, 58). This was shown by open 
lung biopsies on three infants with pneumonia and in several prospective 
studies. The pathology is one of mixed cell infiltration of the lung with 
obliteration of alveolar spaces and a severe necrotic bronchiolitis (58). An 
infant baboon model has been demonstrated and work is currently in 
progress on small-animal models of the disease (59). 

Infants with this disease range from 2 weeks to 4 months old. Older 
children (up to 1 year of age) have been observed, but on careful history 
the pneumonia usually has had its onset before the fourth month of life. The 
disease may begin with rhinitis or mild cough. The classical picture de- 
scribed by Beem & Saxon is one of an afebrile, tachypneic infant with a 
prominent staccato cough, which occurs in paroxysms and has been called 
“pertussoid” (23, 53, 60). The characteristic whoop of pertussis is absent 
but apneic spells may occur. The lungs are overexpanded and the liver and 
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spleen are easily felt because of the depression of the diaphragm. Some 
infants may have serious compromise of ventilation as evidenced by cyano- 
sis and reduced pO, levels, but the majority of infants do not require oxygen 
or ventilatory support; pCO, may be elevated. A relative eosinophilia 
(>300 mm?) is common. Chest film usually shows an interstitial diffuse 
pattern of pneumonia with some hyperinflation of the lungs. 

Untreated, the disease may persist for weeks or months but eventually 
subsides without complications. Definitive diagnosis depends on either iso- 
lating chlamydiae from the lung or demonstrating a high level of specific 
IgM antibodies against C. trachomatis (> 1:64). Demonstration of C. tra- 
chomatis in the nasopharynx or from aspiration of the trachecbronchial 
secretions is usually accepted as conclusive evidence of chlamydial etiology. 
However, this evidence alone does leave a small possibility that the chlamy- 
diae were only infecting the respiratory passages while the pneumonia was 
viral in origin. We favor serological diagnosis because it is definitive, does 
not require invasive procedures like lung biopsies and deep tracheal suction, 
and in our experience has been more reliable than nasopharyngeal cultures 
alone. As a matter of practice we perform both nasopharyngeal cultures and _ 
serology. Differential diagnosis includes principally viral causes of pneumo- 
nia. Among these, respiratory syncytial virus and adenovirus are the most 
important. Cytomegalovirus has often been recovered in conjunction with 
chlamydial pneumonia (23, 57). 

Recommended treatment is oral erythromycin (40 mg/kg/day in divided 
doses) for two weeks. Beem demonstrated that, while there is no dramatic 
response to therapy, treated infants recover more rapidly; furthermore, 
chlamydial isolation attempts become negative within 48 hours after initia- 
tion of such treatment (53, 60). 

Prospective studies suggest that chlamydiae are probably responsible for 
some cases of bronchiolitis, and probably otitis media as well (chlamydiae 
have been recovered from tympanocentesis fluids) (60). Vaginal and rectal 
infections have been documented (61). The exact role of chlamydiae in these 
clinical syndromes or in producing disease at these sites remains to be 
elucidated. 

Many of the early and continuing studies of chlamydial pneumonia in 
infants have demonstrated the frequent coexistence of chlamydiae and viral 
agents in the lung and respiratory passages. This is probably more than 
mere coincidence but reflects a high-risk group of infants most likely to 
acquire a variety of infectious agents early in life. 

Harrison and colleagues, in a study of serial admissions for pneumonia, 
showed that C. trachomatis could be implicated in the etiology of 31% of 
consecutive pneumonia admissions in infants less than 6 months old (56). 


CHLAMYDIAL INFECTIONS 55 


Table 1 Prospective studies of perinatal chlamydial infection 











Prevalence 
maternal r cee ae oe Reena 
infection(%) Conjunctivitis Pneumonia Conjunctivitis Pneumonia Reference 


Attack rate (%) Cases per 1000 live births 








12.7 50 not studied 63 not studied $1 
8.8 44 11 40 10 50 
5.0 40 not studied 20 ~ not studied 2 
4.0 35 20 14 8 24 


2.0 33 16 7 3 49 





In similar unpublished studies we have found C. trachomatis associated in 
different populations with between 15-50% of pneumonias in the first year 
of life. Thus, chlamydial infection is responsible for a major proportion of 
pneumonias in this age group. A number of prospective studies have been 
performed by testing pregnant women for chlamydial infection of the cervix 
and then following infants born through infected cervices (2, 24, 49-51). 
There is remarkable concordance in the results of these studies (Table 1): 
~33-50% of exposed infants will develop conjunctivitis; between 10 and 
20% of exposed infants develop pneumonia. Serologic evidence of infection 
is obtained in 60-70% of infants passing through the infected cervix. The 
incidence of perinatal chlamydial infection in the various study populations 
was a direct function of prevalence of chlamydial infection in the cervix, and 
given the constancy of the attack rates can probably be projected into other 
populations on that basis. Cervical chlamydial infection rates ranged from 
2 to 12.7% in the studies that have been completely reported. Preliminary 
reports on other populations found infection rates as high as 25% (62). In 
all studies, the highest chlamydial infection rates in women were found in 
the highest-risk VD populations, i.e. those women who are unwed, young, 
and black (24, 50, 51). 

Because the first cases of chlamydial pneumonia in infants appeared to 
be regularly associated with conjunctivitis, it was speculated that the eye 
might be the portal of entry for the organism, and pneumonia represented 
a seeding of the respiratory tract by infective ocular discharges (63). Thus 
it seemed possible that modification of Credé prophylaxis to use an anti- 
chlamydial ointment such as tetracycline or erythromycin might prevent 
ocular chlamydial infection and thus, prevent the subsequent development 
of pneumonia. Prospective studies, however, showed that most of the pneu- 
monia cases were not preceded by conjunctivitis; the respiratory tract could 
be infected directly. A preliminary report has shown that neonatal pro- 
phylaxis with erythromycin ointment could prevent the development of 
ICN but had no apparent effect on nasopharyngeal infection or pneumonia 
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(64). Since chlamydial ICN is more common than gonococcal ophthalmia 
neonatorum and chlamydial infection rates of the cervix are higher than 
gonococcal infection rates of the cervix, it would seem reasonable to recom- 
mend routine prophylactic use of erythromycin ointment. This should be 
effective against gonococcal infections and would not be associated with the 
chemical conjunctivitis that invariably follows the silver nitrate instillation, 
which has no effect on chlamydiae. 


REMAINING PROBLEMS AND CHALLENGES 


C. trachomatis is clearly one of the major genital tract pathogens in our 
country. It is likely that the 3 million cases of C. trachomatis infection 
estimated to occur each year cost the US consumers more than 1 billion 
dollars a year in direct health costs (4). C. trachomatis is probably responsi- 
ble for half of the 500,000 physician visits each year for epididymitis and 
for 20% of the 1 million visits for salpingitis. 

Given the morbidity associated with C. trachomatis infections, some 
efforts at control measures are indicated. Unfortunately, effective control 
would require the introduction of chlamydial isolation procedures on a 
much broader scale than currently appears feasible. The first control mea- 
sures would likely be aimed at venereal disease clinic populations. Since 
chlamydial infection rates are much higher than gonococcal infection rates 
outside VD clinics (65), this approach would miss a major proportion of the 
chlamydial infections. Chlamydial technology has been introduced into 
some medical facilities for the specific purpose of determining chlamydial 
infections in men with nongonococcal urethritis. This is the population least 
requiring such technology because the management of these patients would 
call for tetracycline treatment whether or not they had a proven chlamydial 
infection. It is far more important to introduce chlamydial diagnosis in 
managing genital tract complaints in women. They are at the greatest risk 
of developing serious complications of the infection and, of course, are 
epidemiologically crucial in both vertical and horizontal transmission. It is 
pregnant women who should be the first focus of chalmydial control proce- 
dures since each year in the US 155,000 infants are exposed to chlamydial 
infection and more than 100,000 will acquire these infections, with approxi- 
mately 75,000 cases of conjunctivitis and 30,000 cases of pneumonia each 
year (4). In addition, these women are at risk for developing complications 
of pregnancy or postpartum salpingitis. 

Without considering these maternal complications, it can be shown that 
screening pregnant women for chlamydial infection in an effort to prevent 
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Table 2 Cost-benefit analysis® 











Cost in dollars at prevalence of infection of 








5% 10% 15% 20% 25% 
Isolation tests per 1,000 
women . $25,000 $ 25,000 $ 25,000 $ 25,000 $ 25,000 
Follow-up and treating 
infections? : 2,500 5,000 7,500 10,000 12,500 


Cost of screening programs 27,500 ° 30,000 32,500 35,000 37,500 


Treating conjunctivitis® 1,250 2,500 ` 3,750 5,000 6,250 
Treating pneumonia? 25,000 50,000 75,000 100,000 125,000 


Treating chlamydial disease 26,250 52,500 78,750 105,000 131,250 


Dollars saved per 1,000 
women screened —1,250 +22,500 +46,250 +70,000 +93,750 








a For screening pregnant women for chlamydial infection and preventing disease in their 
offspring. 
b$50 per infected woman for treatment, follow-up visit, and test of cure. 
meee per case for clinic visits and drugs; attack rate = 50%. 
4$1,250 per case for hospitalization; average 4 days, drugs, laboratory tests; attack 
rate = 20%. 


perinatal infections could be cost effective (Table 2). The nationwide preva- 
lence of chlamydial infection of the cervix is generally assumed to be ~5%. 
At this rate, costs exceed benefits as the break-even point is ~6% preva- 
lence. Chlamydial infections of the cervix have been found at > 6% levels 
in many studies of inner city populations (some have been > 20%, at which 
point financial savings would be considerable). Thus, it is specifically recom- 
mended that chlamydial isolation procedures should be introduced for 
routine screening of pregnant women in selected populations. The Chla- 
mydia-positive women should be treated (presumably with erythromycin, 
although an appropriate regimen must be validated). 

Isolation procedures are not technically difficult and could be established 
in the virology laboratories often associated with these clinics. Serology 
(micro-IF) is more difficult, but it should be made available, at Jeast on a 
regional basis, to provide diagnostic assistance for chlamydial pneumonia 
in infants. 

We hope the day will soon approach when appropriate technology will 
be available to accurately diagnose and treat these infections. However, 
even today a number of measures could be undertaken that should provide 
some modicum of control. Following CDC recommendations and using 
tetracycline to treat gonorrhea should reduce some of the chlamydial infec- 
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tions and postgonococcal urethritis. Routine use of tetracycline in treating 
men with NGU and in epidemiologic treatment of their sexual partners 
should reduce some of the infective pool. A similar approach could be 
applied to hypertrophic cervical erosion and mucopurulent endocervicitis 
in women. Obviously, chlamydial disease in an infant is an indicator of an 
infected genital tract of the mother and she and her sexual partner(s) should 
be treated. Since all available data indicate that nongonococcal urethritis is 
still increasing and is occurring at epidemic rates, and by ‘inference 
chlamydial infections are also increasing, these measures should at least 
slow down the increase and provide some stopgap approach until more 
specific, directed procedures can be followed. 
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It ‘is not entirely clear which types of headache originate centrally and/or 
peripherally. The most common type of pain is that which results from 
„activation of peripheral receptors in the presence of a normally functioning 
nervous system, as in the pain arising from peptic ulcer or subungual 
hematoma. Pain may also arise as the result of injury to the central or 
peripheral nervous system and may occur without activation of peripheral 
receptors (1). Headache may arise from. dysfunction of, displacement of, or 
encroachment on pain-sensitive cranial structures that, for the most part, 
are vascular (2). The traditional view of the origin of chemically induced 
headaches is that receptors in arterial walls are stimulated or inhibited, 
which thereby causes vasodilatation and results in the perception of pain. 
However, it has recently become evident that the capacity for vasomotor 
regulation resides within the central nervous system itself (3, 4), so that:in 
addition to direct effects on vascular smooth muscle, chemicals may modify 
vascular reactivity via brainstem mechanisms. This latter possibility ap- 
pears to be more consistent with: the diverse peripheral pharmacologic 
properties of the chemicals that may provoke headache. - 

Clinically, chemical headaches exhibit certain “vascular” features which 
support the hypothesis that dilatation of intra- and/or extracranial arteries 
or erratic modulation of vasomotor tone is important to their mechanism. 
They are often pulsatile in quality when severe and are often intensified by 
motion of the head, physical exertion, coughing or straining, or a change 
in posture. Occasionally, transient flashes of light or star figures also accom- 
pany vascular headaches (5). 
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NITROGLYCERINE 


The first of the chemical headaches to be well characterized was the “dyna- 
mite headache” that occurred at the turn of the century among factory 
workers in plants manufacturing explosives (6). Nitroglycerine (NTG) is a 
fundamental component of dynamite and was eventually implicated as the 
offending agent (7); headache attends the administration of 0.3 or 0.4 mg 
of the drug when used for angina pectoris in over 50% of patients (8). 

Transient monocular or binocular amaurosis occasionally precedes head- 
ache, which usually appears within minutes to an hour or more after 
exposure to NTG. The headache is usually located bifrontally or bitempor- 
ally, is almost invariably described as pulsatile in quality, and is markedly 
worsened by physical exertion or bending forward (9). Clinical doses of 
NTG result in headache episodes that seldom last more than 20 minutes, 
but occasionally attacks will last for several hours. A dose of NTG insuffi- 
cient to cause headache may be augmented within minutes by the ingestion 
of only modest amounts of alcoholic beverages (10). 

Workers in munitions plants soon acquire a tolerance to NTG, but it can 
be rapidly lost over a weekend. To prevent Monday morning headaches, 
workers have been known to rub NTG into their skin or use impregnated 
hat sweat bands on weekends (11). 

Migraineurs probably have a lower threshold to NTG-provoked head- 
ache than do non-headache-prone individuals (12); serotonin metabolites 
appear in the urine of migraineurs after a NTG-provoked headache attack 
(13). Whereas ergotamine may abort 40% of NTG-provoked headaches 
(among non-migraineurs) (7), pretreatment with propranolol in daily doses 
ranging from 80 to 160 mg has not altered the headache response to NTG 
(8). 

The peak vasodilator effects of NTG peripherally (14) and centrally (15) 
occur within three to four minutes of its administration and disappear in 
approximately 30 minutes. The occurrence of monocular visual loss preced- 
ing headache in some patients and the occasional lag of an hour or more 
before headache occurs suggest that factors other than, or in addition to, 
vasodilatation must be held accountable. 


NITRITES 


Many people experience varying degrees of headache minutes to hours after 
eating frankfurters or other cured meat products (“hot dog” headache) (16). 
The evidence implicates the nitrite content of these foodstuffs as the cause 
of such headaches. Similar to NTG-induced headaches, they are usually 
bifrontal or bitemporal, are of pulsatile quality about half the time, and are 
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sometimes accompanied by facial flushing. These patients are sensitive to 
as little as one milligram of sodium nitrite, a dose that is hardly likely to 
exert direct effects upon arterial walls (17). 

The observation that nitrate impurities in rock salt caused red patches in 
cured meat led to the deliberate use of fixed concentrations: of salt and 
nitrate to produce a more uniformly colored product. Eventually it became 
clear that the coloring agent was not sodium nitrate, but sodium nitrite, 
which is formed in meat by the bacterial and chemical reduction of nitrate; 
nitrites have been generally substituted for nitrates in the curing process. 
Nitrite and its decomposition product, nitric oxide, react with myoglobin 
and hemoglobin to form the red compounds nitrosomyoglobin ,and ni- 
trosohemoglobin (18). Government regulations limit the nitrite levels 
reached during the treatment of cured meats to 200 mg per kg of meat. 
Cooking and storage lead to a reduction in the nitrite concentration, so that 
the nitrite content of cured meat is approximately 50-130 mg per kg. 


MONOSODIUM GLUTAMATE 


About 30% of people who eat Chinese food report adverse reactions (19). 
Headache and tightness around the face are the most commonly reported 
symptoms, and many also report dizziness, diarrhea, nausea, and abdomi- 
nal cramps; these symptoms constitute the “Chinese restaurant syndrome.” 
Monosodium glutamate (MSG), the chemical precipitant of these symp- 
toms (20), is one of the active ingredients in soy sauce and is used as a food 
additive for its flavor-enhancing properties, more so by some Chinese chefs 
than others. MSG injected intravenously produces a stereotyped sequence 
of symptoms that begins with a burning sensation of the chest which then 
spreads to the neck, shoulder, upper limbs,.and abdomen. This is followed 
by a sensation of pressure over the chest, and finally by tightness and 
pressure over the face. 

Orally administered MSG produces symptoms in about 20 minutes. The 
oral dosage threshold for minimal symptoms is from 1.5 to 12 gm. Oral 
MSG thresholds of 3 gm or less are usually found in subjects who report 
symptoms after eating Chinese food. A 200-ml portion of wonton soup, a 
commonly implicated menu item, contains about 3 gm of MSG. The previ- 
ous ingestion of food delays absorption of MSG so that susceptible individu- 
als may be protected from experiencing symptoms. Plasma glutamate levels 
after glutamate ingestion are not different in MSG-sensitive and MSG-non- 
sensitive persons (21). Animals fed glutamate show unchanged brain gluta- 
mate levels but brain glutamine increases (22). Glutamate is present in high 
concentrations throughout the body and is synthesized in brain and retina; 
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how its ingestion produces symptoms is not clear. It has been suggested that 
‘glutamate-induced release of acetylcholine may explain the syndrome (23). 
MSG exerts no known actions upon arterial walls. - 


TYRAMINE 


By-the turn of the century, the amine derivative of tyrosine, tyramine, had 
been extracted from cheese and was found to cause hypertension and head- 
ache when taken orally (24) or parenterally (25). Subsequently, it was 
shown that the pressor effects of tyramine were mediated by the release of 
norepinephrine from its binding sites (26). 

_ Interest in tyramine escalated during the early 1960s when it was impli- 
cated in a syndrome of intense throbbing headache, sometimes associated 
with hypertension, that occurred in some patients receiving monoamine 
oxidase inhibitors after they had eaten foods rich in tyramine (27). Haning- 
ton & Harper (28) observed that the foodstuffs implicated in these untoward 
reactions were similar to those foods often reported by migraine sufferers 
as precipitants of their attacks, a condition that has come to be known as 
“dietary migraine.” This subpopulation of migraineurs is sensitive to tyra- 
mine. A migraine attack was provoked within hours after the ingestion of 
125 mg of tyramine in over 80% of instances, whereas neither the non- 
dietary-migraine patients nor the headache-free control subjects reported 
headaches to any significant extent (29, 30). 

These results were confirmed in part by Bonnet & Lepreux (31), who 
identified 63 tyramine-sensitive migraineurs among a series of 213 cases. 
Ghose and associates (32), using intravenous tyramine, precipitated head- 
ache attacks in 46% of 31 migraineurs and in none of 27 control subjects. 
On the other hand, Moffett and co-workers (33) and Shaw et al (34), in 
studies of eight and nine diet-sensitive patients with migraine respectively, 
were unable to demonstrate tyramine sensitivity. Hanington (35) responded 
to the failure of confirmation by pointing out the methodologic pitfalls that 
may account for the discrepant results. On balance, the evidence supporting 
tyramine sensitivity in dietary migraine is persuasive. l 

Sulfate conjugation forms an important inactivation mechanism for in- 
gested monoamines (36), and two reports have suggested that this mecha- 
nism is defective in tyramine-sensitive migraineurs (37, 38). A subsequent 
study from one of these laboratories in which methods of greater precision 
were used failed to confirm the original observation (39). 

Although endogenous tyramine is located primarily within the central 
nervous system (40), where it may function in the modulation of norepi- 
nephrine release, the mechanism by which tyramine is implicated in head- 
ache is not clear. It appears likely that exogenous tyramine can trigger 
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headache, but blood pressure elevations do not occur at the doses used. 
Tyramine releases serotonin from platelets in vitro (41), but this phenome- 
non has not been correlated with headache responsiveness. 


PHENYLETHYLAMINE 


Although tyramine-containing dairy products are frequently implicated as 
headache precipitants in dietary migraine, other provocative foodstuffs such 
as ethyl alcohol and chocolate contain little or no tyramine (42). Another 
vasoactive amine, phenylethylamine (PEA), has been identified in a variety 
of chocolates, cheeses, and some red wines (43, 44); unsweetened chocolate - 
contains the highest concentration of PEA, approximately 0.4 mg per 
ounce. Like tyramine, endogenous PEA is present in human brain and may 
modulate functions influenced by catecholamines (45); exogenous PEA 
crosses the blood-brain barrier and can effect large changes in cerebral 
blood flow (46). Using 3 mg of PEA, Sandler et al (47) showed that patients 
with chocolate-provoked migrainous attacks reported headache about 50% 
of the time after PEA ingestion, compared to a 15% incidence after placebo 
ingestion (p<0.01). Moffett et al (48), using 44-62-gm samples of two types 
of chocolate of unknown PEA content, were unable to provoke headache 
significantly more often than after placebo ingestion. On balance, the evi- 
dence implicating PEA in chocolate-induced headaches is persuasive. 


ETHYL ALCOHOL 


Alcoholic beverages rank second to chocolate in provoking headache in 
susceptible individuals (29, 48). Headache usually appears within 30-45 
minutes after alcohol consumption, which corresponds to the time it takes 
for alcohol to dilate skin arterioles (49). However, alcohol has little or no 
effect on muscle or cerebral blood flow (15, 49), so vasodilatation is probably 
not alcohol’s mode of action in provoking headache. That alcoholemia 
interferes with cerebral autoregulation (50) offers more promise in tracking 
down the mechanism of “cocktail headache.” 

The hangover syndrome appears to be a disparate disorder. In addition 
to headache, we find malaise, nausea, pallor, and hyper-excitability occur- 
ring in varying admixtures several hours after the intake of alcohol has 
ceased, at a time when tissue levels of alcohol are very low or zero. Head- 
ache is a common but not constant feature of the syndrome; it is usually 
generalized, commonly throbbing, and worsened by postural change, 
coughing, and rapid movement of the head. The syndrome usually lasts 
5-10 hours, long after all the alcohol has been metabolized (51). Alterations 
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of electrolyte and water balance correlate poorly with hangover symptoms 
(52). The immediate lessening of symptoms after drinking alcohol has led 
to the suggestion that the hangover state may be a mild withdrawal symp- 
tom. 

Many social drinkers believe that there are differences in both the intoxi- 
cation and the hangover that result from drinking different alcoholic bever- 
ages. Many beverages contain a great number of congeners in addition to 
ethanol and water; high congener beverages such as bourbon. and cognac 
are more likely to result in hangover than low congener beverages such as 
vodka (53, 54). The most pharmacologically active congeners are the alde- 
hydes, methanol, and the fusel alcohols. The minute levels of the aldehydes 
and methanol in alcoholic beverages render it unlikely that they are impli- 
cated in the sequelae of drinking alcohol. The fusel alcohols comprise 
various aliphatic and aromatic alcohols formed during fermentation, among 
which are isobutyl, isoamyl, amyl, and n-propyl alcohols. They are rapidly 
metabolized, and assessments of a variety of physiologic functions could 
attribute no more than modest effects to these compounds (55). How or 
whether these substances alter the metabolic consequences of alcohol oxida- 
tion has not been studied. 

Ethyl alcohol is oxidized to acetyldehyde, which is subsequently oxidized 
to acetate. Acetate enters the two-carbon pool, most of which is eventually 
expired as carbon dioxide (56). Since each oxidation is catalyzed by a 
dehydrogenase for which nicotinamide adenine dinucleotide (NAD) is a 
cofactor, there is a net accumulation of reduced NAD in the liver as a result 
of ethanol oxidation, probably accounting for the mild lactic acidosis that 
accompanies alcohol ingestion (57). Delayed clearance of the metabolic 
products of ethanol oxidation has been suspected in the genesis of the 
hangover syndrome: Ogata et al (58) found elevated blood levels of pyru- 
vate, but not of lactate or acetaldehyde, in subjects with hangover symp- 
toms. The widespread observation made by pilots that the inhalation of 
oxygen effectively ameliorates hangover symptoms (N. Raskin, unpub- 
lished) is consistent with the hypothesis that delayed metabolic restitution 
of the altered redox state that accompanies alcohol ingestion bears on the 
mechanism of hangover. 

Alcohol dehydrogenase, the catalyst for the initial, rate-limiting oxida- 
tion of ethyl alcohol, is present in cerebral tissue (59). Although contribut- 
ing little to the overall metabolism of an alcohol load, variation in the 
oxidation of alcohol at cellular sites within the brain may have important 
effects on neuronal function, and bear on the mechanism of hangover. The 
depression of brain serotonin turnover by a high blood alcohol level (60) 
may also be relevant because of the implication of synaptic serotonin in 
migraine (5). 
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CONCLUSION 


There is no evidence to support the idea that allergy has a role in chemical 
-headaches (61). In general, people who experience headache after exposure 
to one or more chemicals are very likely to develop spontaneous un- 
provoked migraine headaches also (28). Some individuals have a lowered 
biological threshold to nitroglycerine, MSG, alcohol, tyramine, and proba- 
bly many other chemicals, and this makes them susceptible to vascular 
headaches under certain conditions. These chemicals have variable actions 
on arterial: walls; hence simple direct vasodilatation is an unlikely mode of 
action. Moreover, the diverse pharmacologic properties of these compounds 
suggests that there is a common secondary, humoral mediator or central 
locus of action. The latter is more consistent with other observations that 
have been made regarding the mechanism of nonchemical headaches (5); 
it is tantalizing to speculate that this putative central threshold may reside 
within brainstem serotonergic circuits. 

Rapid modifications of brain serotonin levels occur after the ingestion of 
a variety of chemicals (62). For neurons of the central nervous system, the 
first step in the synthesis of serotonin is uptake from the plasma of trypto- 
phan, which is derived primarily from the diet (63). An active uptake 
process facilitates the entry of tryptophan into brain so that other sub- 
stances may compete with tryptophan for entry into neurons with a resul- 
tant lowering of the serotonin level. Several lines of evidence suggest that 
lowering of the serotonin concentration at synapses. in the midbrain raphe 
region of the brainstem increases the firing rates of serotonergic neurons 
(64), which may then produce the circulatory alterations (4) that account 
for vascular headaches. Thus, it is possible that central serotonergic neu- 
ronal activity can be modulated indirectly by chemicals competing for 
tryptophan entry into brain; it is also possible that chemicals directly affect 
serotonergic neuronal activity. Both hypotheses can be tested in a con- 
trolled laboratory setting. 
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INTRODUCTION 


Thyroid carcinoma comprises a group of widely differing tumors ranging 
from slow-growing, well-differentiated neoplasms that ordinarily have an 
excellent prognosis to anaplastic cancers that usually have a dismal out- 
come. This review is concerned with differentiated thyroid cancers—papil- 
lary and follicular—the most common types encountered clinically and 
about which the most controversy exists regarding management. 

Benign thyroid nodules are very common, whereas clinically detectable 
thyroid cancer is relatively rare. Accordingly, a selective approach to the 
management of thyroid nodules is necessary to avoid subjecting an unac- 
ceptably large number of persons to surgery. 

When a nodule is found to be papillary or follicular thyroid cancer, 
opinions differ regarding optimal therapy. Indeed, lively debate continues, 
not only around the extent of surgery required, but also about the indica- 
tions for therapeutic !7!I and the efficacy of thyroid hormone in controlling 
tumor growth. This is in part a consequence of the wide range of biologic 
behavior displayed by these tumors, which makes the task of evaluating 
therapy difficult (1-3). Papillary and follicular thyroid cancers are often 
indolent neoplasms with a benign course, including many associated with 
prior head and neck irradiation (4). Even with distant metastases, patients 
may live for decades (5, 6). On other occasions death from differentiated 
thyroid cancer may occur within a few years of diagnosis. An understanding 
of the clinical behavior and prognosis of these tumors can lead to both an 
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effective selection of patients for surgery and a reasonable approach to 
therapy. One can avoid unnecessarily extensive treatment on the one hand 
and clearly inadequate therapy on the other. 


PATHOLOGY AND NATURAL HISTORY 


Although disagreement existed in the past concerning the classification of 
thyroid cancer, in recent years a reasonably uniform system has evolved. 
The World Health Organization classification (7) is not greatly different 
from those proposed by the American Thyroid Association (8), the Armed 
Forces Institute of Pathology (9), or other investigators (10) in which 
papillary thyroid carcinoma includes both pure papillary and mixed papil- 
lary-follicular tumors. Pure follicular carcinoma is classified as a distinct 
clinicopathologic entity, but both types of cancer arise from the thyroid 
` follicular cell. 


Papillary Thyroid Carcinoma 


PREVALENCE Papillary thyroid carcinoma accounts for 50-80% of thy- 
roid cancers in the US (1, 3, 10), and inclues almost 90% of all radiation- _ 
induced thyroid cancers (4). However, in some European series (11, 12), a 
substantially larger portion of thyroid cancers are anaplastic. 

This neoplasm can appear at any age, but has a peak incidence in the third 
and fourth decades. It occurs two to three times more frequently in females. 
In children this ratio is nearly equal, which may in part reflect the influence 
of radiation-induced disease (13). 


PATHOLOGY Papillary thyroid carcinomas vary in size, ranging from 
microscopic tumors to large cancers that invade the thyroid capsule and 
grow into contiguous neck structures. Although usually solid, the primary 
tumor can be hemorrhagic and cystic. These unencapsulated tumors tend 
to invade lymphatics and spread to the normal surrounding thyroid paren- 
chyma. Multicentricity of the primary tumor is a common feature but varies 
considerably in different reports, ranging from 20 to 80% depending upon 
the extent to which the thyroid is examined (1, 10, 14). About half the 
patients have obvious cervical -lymph node metastases at the time of initial 
surgery (1, 10, 15). A higher frequency of node involvement, ranging up to 
75%, is reported on some adult series (16, 17) and in most children with 
this disease (13, 18). Microscopic metastases may be found in 90% of 
regional nodes systematically examined (19). Distant metastases to lung, 
bone, and other soft tissue, in order of decreasing frequency, are seen in 
fewer than 1% of patients at the time of initial diagnosis (1, 10). However, 
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distant metastases subsequently develop in as few as 4% to as many as 20% 
(2, 5, 20), with the highest frequency reported in children (18). In a small 
but significant number of patients, well-differentiated tumors spontaneously 
undergo transition to anaplastic thyroid carcinoma (21); this appears to be 
an inherent characteristic of the tumor rather than a consequence of 131I 
therapy (1). 


CLINICAL ASPECTS Papillary thyroid carcinoma, which generally 
presents as an asymptomatic, slow-growing thyroid nodule, has a prolonged 
course in most patients. Net mortality from cancer is uncertain, but is 
perhaps less than 10% over several decades. Cady et al (15) reported 
mortality to be 10% at 15 years. Woolner (5) reported only 18 deaths (3% 
mortality) from papillary thyroid carcinoma in 656 patients followed for up 
to 40 years. We observed only six cancer deaths in 576 patients (1%) 
followed an average of just over 10 years (2). Even with distant metastases, 
survival is often prolonged, especially in children and young adults. Harness 
et al (22) reported 20 of 28 patients (71.4%) with pulmonary metastases to 
be alive 14 years after '3!I therapy. However, Němec et al (6) reported 10- 
and 15-year survival to be only 29.4 and 14.2%, respectively, in 32 patients 
with pulmonary metastases. When death does occur from this neoplasm, it 
may do so as a direct result of local tumor invasion (1). 


FACTORS INFLUENCING PROGNOSIS Certain patient features and 
some tumor characteristics influence prognosis. Children ordinarily have an 
excellent prognosis (13, 18, 23). A consistent, direct correlation exists be- 
tween age at the time of diagnosis and mortality from thyroid cancer; the 
effect of age varies smoothly and gradually from children to those over age 
60 (24). Némec et al (6) reported 10-year survival in patients with pulmo- 
nary metastases to be 83.3% in those under age 40, whereas none over age 
40 survived. 

In children, thyroid carcinoma tends to be more aggressive and has a 
higher mortality rate in males (13). Woolner et al (10) found papillary 
cancers to be more extensive and aggressive in men but were unable to show 
differences in survival rates between the sexes. We found recurrence and 
survival rates to be similar in 576 men and women with this disease; the 
sizes of the primary lesions, the extent of local invasion, and the presence 
of regional metastases were also similar in the two groups (1, 2). Others 
report higher mortality rates in men (15, 24, 25). 

A neck mass is the presenting manifestation of papillary thyroid cancer 
in most patients. We found that if the mass was symptomatic, causing pain, 
hoarseness, or dysphagia, or if it was growing rapidly, then subsequent 
tumors recurred more often (21.1 vs 10.7%, p < .02) (1, 2). Within limits, 
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the time lapsing from discovery of a thyroid nodule to surgery, averaging 
13.0 + 1.2 (SEM) months, does not influence recurrence or mortality rates 
(1, 2). Moreover, pregnancy does not alter the course of the disease (1, 26). 

The size of the primary lesion has an important impact on prognosis. 
Small primary tumors have an excellent prognosis. Woolner et al (10) first 
emphasized the benign clinical behavior of “occult” papillary thyroid car- 
` cinoma, defined as a tumor 1.5 cm or less in diameter, with or without 
regional node metastases. No cancer deaths were observed in 240 patients 
with occult tumors followed for as long as 40 years (5). In 153 patients with 
primary tumors of this size, we also observed no cancer deaths over an 
average of 10 years (1, 2). However, when the primary tumor is larger or 
invades the thyroid capsule, the disease behaves differently. Woolner et al 
(5) reported 8 cancer deaths in 348 patients (2.3%) with primary lesions 
larger than 1.5 cm that did not invade the thyroid capsule. In the same 
series, when the primary tumor directly invaded the thyroid capsule, cancer 
deaths occurred in 10 of 68 patients (14.7%). We found when the tumor 
was large and invaded the thyroid capsule, recurrence was greater (33.3 vs 
13.4%, p <.01) and death from cancer occurred more often (0.7 vs 7.4%, 
p<.03) than when there was no capsular invasion, although the latter often 
had regional metastases (1, 2). 

Neither the histologic features of this tumor nor the presence of regional 
lymph node metastases have an important effect upon survival (1, 2, 10, 15). 
However, more recurrences are seen in those with cervical lymph node 
metastases, particularly in persons over age 40. (1, and E. L. Mazzaferri, 
` unpublished observation). Although multiple small intrathyroidal tumors 
are commonly demonstrated, their clinical importance is often questioned. 
We found almost one third of 70 recurrences to be in the thyroid remnant 
after no obvious intraglandular dissemination was observed at initial sur- 
gery (1, 2). 

In summary, the disease is more serious in patients over age 40, but the 
influence of sex on survival is not consistent. A large primary lesion, the 
direct invasion of tumor into surrounding neck structures, and the presence 
of distant metastases are the most important pathologic features imparting 
a poor prognosis. Bone metastases generally are associated with a shorter 
survival than pulmonary metastases. 


Follicular Thyroid Carcinoma 


PREVALENCE Follicular thyroid carcinoma ordinarily accounts for only 
about 15% of all thyroid cancers (1, 5). It can also be seen at any age, but 
has a peak occurrence in the third and fourth decades where it is two to 
three times more frequent in females. Of 214 patients with follicular thyroid 
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‘cancer, we found the mean age to be 35 + 12 (SD) years at the time of 
diagnosis (3). Seventy-two percent of these patients were women. 


PATHOLOGY Follicular thyroid cancers are usually encapsulated and 
have a marked tendancy to vascular invasion. Histologically, these tumors 
display a spectrum ranging from small, fairly well-differentiated follicles to 
solid sheets of cells. The tumor most commonly metastasizes to lungs and 
bone, but can metastasize to brain and other soft tissues, even from a small 
nonpalpable primary lesion (27). However, this tumor spreads to regional 
lymph nodes in only 10% of patients (3, 5). Distant metastases occur more 
frequently from follicular than from papillary thyroid carcinoma. We found 
7 of 214 patients (3.3%) with follicular carcinoma to have distant metas- 
tases at the time of presentation (3). As compared to people with papillary 
thyroid carcinoma, more patients with this tumor subsequently develop 
distant metastases. Némec et al (6) reported that of 87 patients with distant 
metastases from differentiated thyroid cancer, 32 had papillary and 55 had 
follicular cancers. Considering the relative frequencies of the two diseases, 
follicular thyroid cancer is much more likely to metastasize to a distant site 
than is papillary .cancer. 


CLINICAL ASPECTS Follicular cancer generally presents as an asymp- 
tomatic, slow-growing thyroid nodule. In rare instances, the first clinical 
manifestations of the disease are due to distant metastases (27). Although 
net mortality from this disease is uncertain, it is greater than from papillary 
thyroid cancer. In our series, 5 of 214 patients. (2.3%) died of follicular 
thyroid cancer over a period averaging almost nine years as compared to 
only six cancer deaths in 576 patients (1.0%) with papillary cancer followed 
an average of 10 years (2, 3). 


FACTORS INFLUENCING PROGNOSIS Increasing age also has an ad- 
verse influence on survival with follicular thyroid cancer (6, 15, 24, 25). 
Distant metastases, especially to bone, portend a poor outcome. Vascular 
invasion in the primary tumor has an important bearing on prognosis. 
Woolner et al (5) reported 10- and 20-year survival rates to be 34 and 16%, 
respectively, in 98 patients with invasive follicular carcinoma as compared 
to only 3 deaths-in 104 patients in whom vascular invasion was judged to 
be slight or equivocal. We observed a 20% recurrence rate in those with 
extensive vascular invasion as compared to only 7% when it was slight to 
moderate (3). The size of the primary tumor and regional lymph node 
metastases do not have important prognostic implications in patients with 
follicular cancer (3). 
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Thus, advancing age of the patient, the presence of vascular and capsular 
invasion and distant metastases predict a poor outcome with this disease. 
Bone metastases are associated with a shorter survival than pulmonary 
metastases (6). 


PREVALENCE OF THYROID NODULES AND 
THYROID CANCER 


Thyroid Cancer 


Thyroid cancer occurs surprisingly often in carefully examined autopsy 
specimens, whereas clinically apparent thyroid cancer is relatively rare. 


AUTOPSY PREVALENCE Occult thyroid carcinoma is found in up to 
28.4% of autopsy specimens from persons exposed to radiation but dying 
with no known thyroid disease (28). However, Nishiyama et al (29) re- 
ported that 13 of 100 consecutive thyroid glands from persons not exposed 
to radiation and carefully studied at autopsy in Michigan contained small 
papillary carcinomas. Sampson (28) indicates that these prevalence figures 
are profound underestimates and suggests that 10-30 million Americans 
may -have occult papillary thyroid cancer. 

Most occult carcinomas are much smaller than those originally given this 
designation by Woolner et al (5). Many are less than 1 mm and most are 
below 0.5 cm (28). These tumors are not a health problem but must be taken 
into account when considering therapy. 


CLINICAL PREVALENCE Clinically apparent thyroid cancer is not a. 
common disease. In the Third National Cancer Survey in 1969-1971 (30), 
in the US as a whole for all ages, races, and sexes combined, the age-adjusted 
incidence for thyroid cancer was 3.7 per 100,000. This represents an in- 
creased prevalence over that reported in the Second National Cancer Sur- 
vey (2.9 per 100,000), which is attributed to the occurrence of 
radiation-associated neoplasms (4), but it represents only about one new 
case of thyroid cancer yearly for every 27,000 individuals in the population. 


Thyroid Nodules 

In contrast to palpable thyroid cancer, thyroid nodules, especially in 
women, are extremely common. Judging from the Framingham study (31), 
thyroid nodules, at least half of which are single, occur in about 4% of the 
adult population. In this long-term study of 5127 persons aged 30-59 years, 
nontoxic nodules were found in 218 (4.2%) individuals, of whom 183 
(6.4%) were women and 35 were (1.5%) men. Maxon et al (32) found that 
the prevalence of thyroid nodules in the population increased steadily over 
a wide age range, from about 1% in the second decade of life to about 5% 
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during the sixth to eighth decades of life. In the Framingham study (31), 
new nodules, which over 15 years developed at a rate of about 1 per 1000 
persons per year, appeared in 0.9% of the men and in 1.7% of the women. 
None showed evidence of malignancy. 

Thyroid nodules are very common, but few become clinically important 
lesions and even fewer result in death. The clinician must identify and 
aggressively treat only those that may threaten the patient. 


DIAGNOSIS OF THYROID CANCER 


Even though most thyroid nodules are benign, at surgery about 20% are 
generally reported to be cancer, which indicates that a selective process is’ 
operative. Routine examination and testing can identify nodules most likely 
to be malignant. 


History and Physical Examination 


An asymptomatic neck mass is the presenting feature in 85% of patients 
with differentiated thyroid cancer (1, 3). Few complain of rapid growth, 
dysphagia, hoarseness, or pain, symptoms also caused by subacute thyroidi- 
tis or anaplastic thyroid cancer. 

A question about prior therapeutic head and neck irradiation should be 
part of any patient’s history. External irradiation of the head, neck, or upper 
thorax, common treatment for a variety of benign conditions from the early 
1920s to the late 1950s, is now clearly recognized as being strongly asso- 
ciated with the subsequent development of many thyroid problems (4, 33). 
Among previously irradiated patients with palpable thyroid abnormalities, 
the prevalence of thyroid cancer in surgically excised nodules is about 30% 

(4). Even in an irradiated population, however, benign thyroid nodularity 
` occurs with greater frequency than thyroid cancer. The time required for 
the development of clinically apparent thyroid cancer following external 
radiation extends from about 314 years to an apparent peak 25-35 years (4, 
32). The risk of developing thyroid cancer is proportional to the dose of 
external irradiation and, within the limits of about 10 and 2-3000 rads, is 
linear (4, 32). Thus, the reason for radiation, the patient’s age at the time 
of irradiation, and the doses and sites of x-ray treatment are important. 

One should inquire about family members with thyroid cancer, pheo- 
chromocytoma, or hyperparathyroidism. Medullary thyroid carcinoma 
(MTC), which accounts for about 7% of all thyroid cancers, is a neoplasm 
of the calcitonin-secreting parafollicular or C cell. This tumor contains 
amyloid, secretes calcitonin, causes diarrhea, and can be familial when it 
is transmitted as an autosomal dominant trait. Familial tumors are asso- 
ciated with bilateral pheochromocytomas and hyperparathyroidism (Sip- 
ple’s syndrome or multiple endocrine neoplasia, type 2). MTC occurs rarely 
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in persons with a phenotype characterized by mucosal neuromas, a typical 
facial appearance with “bumpy” lips and everted eyelids, a Marfanoid 
habitus, hypertrophied corneal nerve fibers, and intestinal ganglioneuromas 
(multiple endocrine neoplasia, type 2b or 3) (2). Once suspected, MTC is 
excluded by measuring plasma calcitonin after calcium or pentagastrin 
stimulation (2). 

The most important aspect of detecting differentiated thyroid carcinoma 
is a meticulous examination of the neck. Most patients have a single, small 
palpable nodule, but a few have a multinodular or diffusely enlarged gland. 
As judged by palpation, we found the mean diameter of the thyroid nodule 
to be 2.5 + 1.4 (SD) cm in patients with papillary thyroid cancer (1). 
Similarly, 70% of the nodules caused by follicular cancer were less than 3.0 
cm in diameter at the time of presentation (3). Cervical lymph nodes are 
palpable in about one third of those with papillary cancer and in less than 
10% of those with follicular cancer (1, 3). One should carefully inspect the 
neck, especially on swallowing, to note the presence of a mass which might 

- be overlooked by palpation alone. Inspection is facilitated by directing a 
light across the neck. Palpation of the neck, thyroid gland, cervical lymph 
nodes, and salivary glands should be carefully done with the patient sitting 
comfortably. The findings should be recorded by a full-size drawing of the 
thyroid showing the actual size of the gland and any nodules, along with 
their relationship to normal anatomic structures in the neck. If there is any 
question of hoarseness, the vocal cords should be examined by indirect 
laryngoscopy. Vocal cord paralysis should be considered as a sign of malig- 
nancy in any patient with nodular thyroid disease. 


Blood Tests 


Blood tests are usually unnecessary in the initial examination of a patient 
with an isolated thyroid nodule unless there is reason to suspect medullary 
thyroid carcinoma or the patient appears thyrotoxic. In patients with a past 
history of head and néck irradiation, the frequency of positive tests for 
antithyroglobulin antibodies, antimicrosomal antibodies, and serum thyro- 
globulin is significantly increased above that found in a control population; 
however, these tests will not identify those with thyroid cancer (34). Pa- 
tients with an autonomously hyperfunctioning thyroid nodule are usually 
euthyroid but may be thyrotoxic, and they ordinarily show nonsuppressable 
radionuclide uptake in the nodule following thyroid hormone feeding (35). 


Thyroid Scans 


Thyroid imaging is indicated in the patient with an isolated thyroid nodule 
and should be done with either °°™Tc pertechnetate or 11. Both deliver 
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much less radiation to the thyroid than |3!I (36). A gamma counter 
with a pinhole collimator is the most sensitive imaging device. Most 
thyroid cancers fail to concentrate radionuclide to any extent and appear 
as hypofunctional (“cold”) nodules, whereas most hyperfunctional 
(“hot”) nodules are benign. There are, however, limitations to these 
generalizations that must be taken into account when making therapeutic 
decisions. 

Some prefer °™Tc as the scanning agent since it delivers the lowest 
radiation dose to the thyroid. However, 12I may provide additional infor- 
mation about the functional capacity of the nodule because it is trapped, 
organified, and incorporated into thyroid hormone; "Tc is merely trapped 
but is not organified. So °™Tc scans may sometimes show a nodule to be 
hyperfunctional which by radioiodine scan is hypofunctional. The opposite 
may also be true (37). Although hyperfunctioning nodules are almost in- 
variably benign, there are well-documented exceptions (38). Thyroid can- 
cers, while most commonly hypofunctional, may give the appearance of 
concentrating radionuclide, presumably because they are small or sur- 
rounded by normal thyroid tissue. Moreover, most hypofunctional nodules 
are benign. , 

Thyroid scanning alone is of relatively little discriminatory value in the 
identification of thyroid cancer (1). Nelson et al (39) correlated thyroid 
scans with the surgically documented size, location, and histology of thy- 
roid cancers in 67 patients and concluded that, unless the nodule is hyper- 
functioning, clinical criteria rather than the scan should contribute most in 
deciding whether to treat surgically. 

Disagreement exists regarding thyroid scanning of previously irradiated 
patients in whom the thyroid is palpably normal. Favus et al (40) palpated 
thyroid lesions in only 16.5% of 1056 irradiated persons, while an addi- 
tional 10.7% had defects detected by ™Tc scanning. Of the 60 cancers 
resected in this group, one third were smaller than 0.6 cm and were not 
detected preoperatively either by scan or by palpation, but were incidental 
small cancers found while resecting a benign nodule. Over two thirds of the 
60 cancers were 1.5 cm or smaller in diameter, lesions defined as occult by 
Woolner et al (5), from which there is no apparent mortality. A subsequent 
report (41) indicated that of 68 patients with palpably normal thyroids or 
equivocal physical findings, 18.2% of the former and 19.6% of the latter 
had malignancies detected by abnormal scan alone. A gamma camera with 
a pinhole collimator can detect thyroid lesions as small as 0.5-0.8 cm, 
whereas most experienced examiners can not palpate thyroid nodules much 
smaller than 1.0 cm. The central issue is, however, whether one must detect 
lesions smaller than 1.0 cm since most are papillary cancers with, at this 
size, a benign course. 
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Thyroid Ultrasonography 


The palpable, isotopically hypofunctional or normally functioning nodule 
should be further evaluated by echography, which ordinarily can resolve a- 
lesion of about 2 cm in diameter and will show it to be a solid, fluid-filled, 
or mixed lesion. Thyroid cysts appear as globular, smooth-walled structures 
without internal echos; they account for about 15-20% of all isolated 
thyroid nodules and are rarely malignant (42). Only about 1-2% of primary 
thyroid carcinomas appear cystic, and are usually mixed nodules represent- 
ing degenerative tumors. Metastatic lymph nodes from differentiated thy- 
roid cancer are more often cystic lesions. If the lesion is a simple cyst, it 
should be aspirated. Clark et al (43) reported that, among 35 patients with 
cystic lesions treated by aspiration, 40% had a sustained remission, 29% 
had a substantial regression and 31% had unsuccessful aspiration with 
recurrence of fluid. Operation was unnecessary in about 70% of these 
patients. Solid and mixed lesions must be regarded as being potentially 
malignant. Thyroid echography is also of value in following changes in the 
size and configuration of nodules during thyroid hormone treatment. Used 
in conjunction with needle aspiration, this is a particularly safe and highly 
reliable procedure. 


Thyroid Needle Biopsy 


During the past decade in which thyroid needle biopsy has been used fairly 
routinely in the assessment of thyroid nodules in many centers, there have 
been no reports of implantation of cancer in the needle tract or other serious 
complications (44). However, regardless of the type of biopsy taken (core, 
cell block, or cytology), papillary and anaplastic cancers are ordinarily 
. easily recognized, but follicular carcinoma is often difficult to distinguish 
from a benign adenoma. l 
Löwhagen et al (45) in Sweden used fine-needle aspiration biopsy for 
cytology to examine 412 patients, all of whom were subsequently operated. 
There were no false-positive cytologic diagnoses and there was a high degree 
of accuracy in recognizing or suspecting thyroid cancer. Walfish et al (46) 
in Canada performed fine-needle (25-27 gauge) aspiration biopsy in 82 
lesions that were predominantly solid by echography. Although they were 
usually able to accurately predict the lesion found at surgery, in 4 of 65 
nodules (6%) excised, the cytology was read as benign but the nodule was 
shown to be malignant at surgery. Crile et al (44) performed biopsy in 576 
thyroids from 1971 through 1978, and had only one case of cancer appear 
a year after biopsy, which was an anaplastic cancer arising from a different 
part of the gland than had been biopsied. Hamburger et al (47) reported that 
of 116 surgically confirmed thyroid malignancies, only 62 (59%) were 
recognized as such on the basis of clinical findings; but on the basis of 
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fine-needle aspiration, 107 (92%) were considered malignant preoperatively 
and another 8 (7%) were suspected of being malignant. However, 7 malig- 
nancies and 2 atypical adenomas were thought to be benign by aspiration 
cytology preoperatively. Since it is difficult to distinguish adenomas from 
follicular cancers, it may be necessary to remove all firm nodules that are 
highly cellular by biopsy. At the Cleveland Clinic in 1978, of all patients 
with palpable thyroid lesions, 132 (82%) had cancer excluded by needle 
biopsy and were treated medically instead of surgically (44). Of 910 patients 
examined by Hamburger et al (47), the proportion of patients for whom 
surgery was advised was reduced, on the basis of aspiration biopsy, from 
65 to 30%. The most limiting aspect of this technique is the availability of 
an experienced pathologist trained in the interpretation of thyroid cytology. 


Thyroid Hormone 


Thyroid nodules often decrease in size or disappear after TSH suppression. 
DePapp et al (48), treating 35 previously irradiated persons with thyroxine, 
found that 9 single nodules decreased in size and 2 disappeared completely. 
Although, on occasion, malignant nodules may initially shrink (1, 48), most 
either grow or remain unchanged during thyroid hormone suppression of 
TSH. Shimaoka (49) reported that, overall, about 64% of 114 patients with 
thyroid nodules experienced a reduction in nodule size with thyroid hor- 
mone therapy, and that liothyronine (T3) was more effective than L-thyrox- 
ine (T4) in this regard. Thyroid nodules in about one third of the responders 
became either nonpalpable or unmeasurable. Surgery was done in 11 of 45 
(24%) irradiated individuals and in 11 of 62 (18%) nonirradiated persons 
with thyroid nodules that did not regress. Three cancers were found in each 
group. 


Summary of Diagnostic Recommendations 


The order in which tests are done depends in part on the examiner. After 
the initial evaluation, one usually obtains a thyroid radionuclide scan. If the 
nodule is not hyperfunctional, thyroid echography is done. Simple cysts are 
aspirated. Mixed and solid lesions should be further evaluated, either with 
aspiration biopsy or with thyroid hormone suppression. If the nodule is 
malignant or suspicious by aspiration biopsy, or if it fails to completely 
regress or grows after about 6-12 months of thyroid hormone therapy, it 
should be excised. Older persons, particularly women, can usually be safely 
treated with thyroid hormone for long periods if the nodule remains stable. 
If possible, aspiration biopsy should be done before long-term suppression 
therapy is instituted. Ordinarily, small thyroid nodules (< 1.5 cm) asso- 
ciated with prior head and neck irradiation can be similarly. managed, 
whereas large solid nodules usually should be promptly excised. 
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THERAPY OF PAPILLARY AND FOLLICULAR 
THYROID CARCINOMA 


Initial treatment generally consists of surgery, often followed by !I 
therapy, and invariably includes thyroid hormone. 


Surgery 

Some surgeons consider lobectomy with regional lymph node dissection 
adequate initial management (50, 51). However, Shands & Gatling (52) 
reported an 11% contralateral recurrence rate after subtotal thyroidec- 
tomy; and half of these patients died. Tollefsen et al (53) reported contralat- 
eral thyroid recurrence to be only 4.6%, but almost half died from recurrent 
disease. 

We observed 84 recurrences in 571 patients with papillary thyroid car- 
cinoma following initial therapy. Recurrences following subtotal thyroidec- 
tomy were almost twice as frequent as those following total thyroidectomy 
(19.2 vs 11.0%, p < .01) (2). With smaller primary lesions (< 1.5 cm) fewer 
recurrences were observed after total thyroidectomy than after subtotal 
thyroidectomy (2.8 vs 6.2%), but the difference was not statistically signifi- 
cant (E. L. Mazzaferri, unpublished information). Sites of recurrence were . 
cervical lymph nodes alone (58), remaining thyroid alone (10), lymph nodes 
and thyroid (13), lung (6), lung and bone (2), brain (1). Perhaps of most 
importance, five of six cancer deaths occurred in patients with recurrent 
disease. 

Of 182 follicular carcinoma patients in our study considered free of 
disease after initial therapy, 20 experienced recurrences; 8 in the opposite 
lobe, 10 in regional lymph nodes, and 2 were distant recurrences to lung 
and bone (3). Although the extent of thyroid surgery did not substantially 
alter the recurrence rate, almost half occurred in the remaining thyroid. 

In patients previously exposed to radiation, Block (54) observed about a 
10% recurrence in the remaining thyroid. He advises total thyroidectomy 
in most patients with large papillary carcinomas and invasive follicular 
cancers but not for isolated, small papillary cancers or low-grade follicular 
cancers. Most agree with this approach for radiation-induced thyroid can- 
cer (55). 

Few advocate radical neck dissection, but some perform modified neck 
dissection for node metastases from differentiated thyroid cancer. We found 
recurrences following no lymph node dissection, simple excision of involved 
nodes, and neck dissection to be 12.3, 17.9, and 14.7% (p = n.s.) respec- 
tively (2). 


Radioactive Iodine 
Following treatment with }3'I, Varma et al (56) reported improved survival 
only in patients over age 40, whereas Leeper (57) showed enhanced survival 
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only in patients younger than 40 years. Krishnamurthy & Blahd (58), ina 
25-year prospective study of 54 patients with thyroid cancer of various 
histologic types, found the response to !3'I ablation to be the most critical 
factor influencing survival. None of 44 patients in whom total "1I ablation 
of primary and metastatic foci was ‘achieved died of cancer. Of 10 others 
in whom total ablation was not possible, 7 died of thyroid carcinoma and, 
in 5 of these patients, it was a differentiated cancer. 

In our study, 116 patients with papillary cancer were initially given 
131] to treat cervical metastases (80 patients), to treat pulmonary metastases 
(3 patients), or to ablate remaining radioiodine uptake in the thyroid bed 
(33 patients) (1). Recurrences were significantly fewer (p <.001) in those 
- treated with '!I (Figure 1). In the most recent analysis, the statistical 
difference in recurrence between }3!I and thyroid hormone alone persisted 
only for patients with primary tumors larger than 1.5 cm (E. L. Mazzaferri, 
unpublished data). Of 214 patients with follicular thyroid carcinoma, the 
lowest recurrence rate (4.7%) was observed in 42 patients treated with total 
thyroidectomy, '3J and thyroid hormone (3). 
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Figure ] Cumulative recurrence rate following various forms of adjunctive therapy. From 
Mazzaferri et al (1), with permission. 
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In 66 patients with distant metastases, Němec et al (6) found '3!I uptake 
in 56% of papillary and 46.3% of follicular metastases. Uptake of 131I was 
achieved more frequently in younger patients, in those with papillary thy- 
roid cancer, and in persons with fine, “snow-flake” pulmonary metastases 
on chest x-ray. Tumor uptake of !3!I is critical since 10-year survival for 
papillary carcinoma was 83.3% and zero, and for follicular carcinoma was 
64.3% and 8.3%, depending upon whether the tumor did or did not concen- 
trate 131], 

The belief that thyroid hormone alone is sufficient for the treatment of 
pulmonary metastases (59) is unique and not shared by most (1, 6, 56-58). 
The danger of leukemia (60), the possibility of causing pulmonary fibrosis, 
and the risk of producing anaplastic thyroid cancer or genetic damage are 
the usual reasons given for withholding '3'I and treating. with thyroid 
hormone alone (59). However, with current recommendations regarding 
the timing and doses of '3!I (61), these appear not to be substantial risks 
in most patients. First, treatment does not produce pulmonary fibrosis 
unless the patient accumulates 100 mCi or more in his lungs, which can 
rarely, if ever, be achieved with the maximum allowable single dose of 200 
mCi (61). Second, leukemia, reported after larger doses of '?!I often given 
at several month intervals (60), is not reported with increased frequency in . 
patients receiving lower doses given at about yearly intervals (1, 3, 56-58, 
61). Third, anaplastic carcinoma occurs in the absence of irradiation as part 
of the natural history of differentiated thyroid carcinoma (1, 21). Fourth, 
long-term follow-up of children treated for thyroid cancer with '3!I dis- 
closes no apparent increase in the occurrence of infertility or birth defects 
(62). 


Thyroid Hormone 


There is abundant evidence that TSH can stimulate differentiated thyroid 
cancers to grow. Recurrence rates of both papillary and follicular thyroid 
cancer are lower in patients treated postoperatively with thyroid hormone 
(Figure 1) (1-3). Thyroid hormone given in adequate doses suppresses TSH 
to low or undetectable levels that will not rise in response to TRH (63). 


Summary of Therapeutic Recommendations 


Minimum therapy for small isolated nonmetastatic papillary cancer is a 
total lobectomy and isthmusectomy on the affected side with a subtotal 
lobectomy on the contralateral side. Papillary cancer that is larger (> 1.5 
cm), bilateral, metastatic, or invades the thyroid capsule, and most follicu- 
lar cancers should be treated with total or near-total thyroidectomy fol- 
lowed by total ablation of all remaining tissue that concentrates '3!I. Lymph 
nodes should be excised, but extensive neck dissection is rarely, if ever, 
indicated. 
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A total body !!I scan is done with 2-5 mCi six weeks postoperatively. 
Since normal thyroid tissue traps }3!I with perhaps a 20-fold greater avidity 
than even the most differentiated forms of thyroid cancer, !3!I scans are 
inaccurate if substantial amounts of normal thyroid tissue are left in place. 
High TSH levels and a relatively low total body iodine pool maximize tumor 
uptake of !3!I. Intramuscular bovine TSH can be given prior to the scan, 
but this results in added expense, side effects that are occasionally severe 
(64), and fluctuating serum TSH levels (65). Endogenous TSH is best raised 
by giving liothyronine (T3) three times daily for four weeks then discontinu- 
ing it for two weeks before the scan (66). Using this method, Martin (67) 
found TSH levels after thyroidectomy to be about 20 U/ml in all but one 
cancer patient and found no qualitative differences in scans performed after 
bovine TSH injections or T; withdrawal. Edwards et al (68) studied 36 
patients after thyroid hormone withdrawal and concluded that, in general, 
a tumor can not be considered incapable of concentrating !3!I until serum 
TSH levels exceed 304U/ml. A low-iodine diet should also be given prior 
to the scan. Goslings (69) demonstrated the mean !3'I tumor dose to double 
as a result of a low-iodine diet given for five days. Lymph node and lung 
metastases can be ablated in many patients given a single 100-mCi treat- 
ment dose of !3!I after the use of a low-iodine diet (61). Certain diuretics 
will deplete iodine stores but are usually not necessary. 

If substantial '3!J uptake is demonstrable in the thyroid bed, it is ablated 
with '3!J. Although lower doses (<30 mCi) can be used for this purpose 
(70), about one third or more patients must be given 100-150 mCi "1I (61), 
which requires hospitalization for 3-5 days. Patients with significant reten- 
tion of BII in metastatic deposits are routinely treated with 150 mCi #11, 
which can be given without inducing radiation sickness and will ordinarily 
not produce damage to any structure, including lungs. Bone metastases are 
usually treated with 200 mCi. Treatment should be continued with !3'I until 
all residual uptake is ablated or adverse effects of !3!I are detected. Individ- 
ual doses are usually given at about 6-12-month intervals and should not 
be administered before the bone marrow has fully recovered from the 
previous dose. Leukemia occurs with increased frequency in patients who 
receive multiple, large doses of }3'I given at frequent intervals (60). 

Following initial therapy, if the patient is shown by scan to be free of 
disease, scans can usually be repeated at 3- and then 5-year intervals. 
Although most differentiated thyroid cancers recur within the first decade 
after initial treatment, late recurrences during the second decade can be seen 
(1-3, 60). 

Serum thyroglobulin (TG) measurements should be made after surgery 
and at yearly intervals thereafter. Van Herle & Uller (71) found serum TG 
levels in untreated patients with differentiated thyroid cancer to range from 
22 to 445 ng/ml (average 144.3 + 46.5) as compared to a range of 0-20.7 
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ng/ml in 95 normal subjects. TG levels returned to normal in successfully 
treated patients, but remained elevated in others with metastases. LoGerfo 
et al (72) found serum TG levels to be less than 10 ng/ml in disease-free 
patients as compared to levels above 100 ng/ml in patients with metastatic 
disease. Elevated serum TG levels, which are not a specific marker of 
cancer, can also be seen in patients with Graves’ disease or thyroiditis and 
following prior head and neck irradiation in the absence of detectable 
tumor. However, they serve as a simple and effective means of following the 
patient indefinitely. 


CONCLUSION 


Using a selective approach, surgeons can excise thyroid nodules most likely 
to be malignant. Minimum therapy of small isolated nonmetastatic papil- 
lary cancer is lobectomy, isthmusectomy, and contralateral subtotal lobec- 
tomy. Papillary cancers that are large (> 1.5 cm), bilateral, metastatic, or 
locally invasive and most follicular cancers should be treated with total or 
near-total thyroidectomy followed by total ablation of remaining tissue that 
concentrates !3!J. In most instances, lymph nodes should be simply excised. 
Thyroid hormone suppression of TSH should always be done. Survival is 
usually excellent except when the tumor is locally invasive or is metastatic 
to a distant site. Mortality is substantially reduced if the tumor concentrates 
131] and residual tumor 3'I uptake can be completely ablated. 
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Family studies of alcoholism consistently emphasize its high prevalence 
among the relatives of alcoholics (1). In most studies, at least 25% of male 
relatives are alcoholic. As a rule, these studies also show a higher-than- 
expected frequency of alcoholism among female relatives. (between 5 and 
10%). Population surveys indicate that between 3 and 5% of male adults 
and between 0.1 and 1% of female adults are alcoholic (2). 

“Familial” of course isnot synonymous with genetic. Speaking Chinese 
runs in families, but not because of genes. In humans, there are three 
strategies for identifying hereditary factors in family illnesses: (a) twin 
studies, (b) genetic marker studies, and (c) adoption studies. All have been 
applied to alcoholism. 


Twin Studies 


There have been four twin studies of alcoholism. One, in Sweden, found that 
identical twins were concordant for alcoholism more often than were frater- 
nal twins (3). The more severe the alcoholism, the greater the discrepancy 
between concordance rates in identical vs fraternal twins. 

Another study, in Finland, found that identical twins were more concord- 
ant for quantity and frequency of drinking but not for adverse consequences 
of drinking (4). There was a trend for younger identical twins to be more 
concordant for adverse consequences (which may not be coincidental, see 
below). i 

In 1972, Loehlin analyzed questionnaire data from 850 like-sex twins in 
the United States (unpublished data). His findings were consistent with a 
genetic factor in drinking behavior. Jonsson & Nilsson (5) reported findings 
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also based on questionnaire data from 7500 twin pairs in Sweden. Monozy- 
gotic twins were more concordant with regard to quantity of alcohol con- 
sumed, but not with regard to adverse consequences. The results resemble 
. those of the Finnish study (4). l 
All these twin studies point to genetic control of drinking behavior, but 
the evidence for a genetic determinant of alcoholism is inconsistent. Other 
twin studies (6) indicate genetic control over the metabolism of alcohol, but 
varying rates of metabolism probably have no relevance to alcoholism (7). 


Genetic Marker Studies 


Establishment of a relationship between a known inherited biological trait 
and a familial disease would also suggest that the latter was genetic. More 
than a score of genetic marker studies relevant to alcoholism have been 
published (4). Almost without exception, whenever a report of an associa- 
tion between a marker and alcoholism is followed by attempts to replicate 
the finding, the findings are contradictory. 

Among markers studied have been color blindness, blood groups, genet- 
ically determined proteins, and finger ridge count. The observation (8) that 
alcoholics are likely to be color blind has been confirmed in several studies 
(9), but apparently the color blindness is reversible, perhaps caused by 
malnutrition or toxic effects. 


The Danish Adoption Studies 


A third approach to separating “nature” from “nurture” is to study individ- 
uals separated from their biological relatives soon after birth and raised by 
nonrelative foster parents. 

Beginning in 1970, my colleagues and I started a series of adoption 
studies in Denmark, supported by the National Institute of Alcohol Abuse 
and Alcoholism, and intended to investigate further the possibility that 
alcoholism in part has genetic roots. The studies have been completed and 
the results published (10-13). This section summarizes these results and the 
next section discusses in more detail other adoption studies. : 

The Danish adoption studies involved interviewing four groups of sub- 
jects. The first group consisted of sons of alcoholics (average age, 30 years) 
raised by nonalcoholic foster parents. The second group consisted of sons 
of alcoholics (average age, 33 years) raised by their alcoholic biological . 
parents. The third and fourth groups consisted, respectively, of daughters 
of alcoholics (average age, 37 years) raised by nonalcoholic foster parents 
and daughters of alcoholics (average age, 32 years) raised by their alcoholic 
biological parents. Paired with each group was a control group matched for 
age and, in the adopted samples; circumstances of adoption. All adoptees 
were separated from their biological parents in the first few weeks of life and 
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adopted by nonrelatives. The interviews were conducted by Danish psychia- 
trists “blind” to the overall purpose of the study and the identity of the 
interviewees, that is, whether they were children of alcoholics or controls. 
Informed consent had been previously obtained. The results were as fol- 
lows: 

1. Sons of alcoholics were about four times more likely to be alcoholic 
than were sons of nonalcoholics, whether raised by nonalcoholic foster 
parents or raised by their own biological parents. Sons of alcoholics raised 
by foster parents also were more likely to be divorced than were controls. 
. Otherwise, sons of alcoholics and nonalcoholics did not differ with regard 
to a wide range of variables: depression, anxiety neurosis, personality disor- 
ders, criminality, drug abuse, or “heavy drinking” (defined as drinking daily 
and, on occasion, large amounts but without adverse consequences) (2). 

2. Sons raised by their alcoholic parents differed from nonadopted con- 
trols only with regard to alcoholism, defined by operational criteria (2). 

3. Of the adopted daughters of alcoholics, 2% were alcoholic and 2% 
more had serious problems from drinking. In the adopted control group, 
4% were alcoholic. Of the nonadopted daughters, 3% were alcoholic and 
2% were problem drinkers. 

Between 0.1% and 1% of Danish women are alcoholic (14). Thus, in 
both the proband and control groups, a higher than expected prevalence of 
alcoholism was found. Nothing was known about the biological parents of 
the controls other than that they did not have a hospital diagnosis of 
alcoholism (the alcoholic parents of the probands were identified because 
they had been hospitalized with this diagnosis). Possibly some of the biolog- 
ical parents of the alcoholic controls were alcoholic. However, this could 
not be demonstrated one way or ‘the other, and the findings from the 
daughter adoption study are inconclusive. 

In both the adopted and nonadopted daughter groups there were low 
rates of heavy drinking. About 8% of the female subjects were heavy 
drinkers, as compared to nearly 40% of the male subjects. Therefore, of 
women who met the criteria for heavy drinking, a substantial number 
developed problems from drinking serious enough to require treatment. 

Again, as with the male adoptees, the adopted-out daughters of alcoholics 
and controls did not differ with regard to other variables, such as depression 
or drug abuse. There has been speculation, based on family studies, that 
female relatives of alcoholics are apt to be depressed while male relatives 
are likely to suffer alcoholism (1). Indeed, 30% of the daughters raised by 
alcoholics, had been treated for depression by age 32, compared to about 
5% of the controls. Apparently, growing up with an alcoholic parent in- 
creases the risk of depression in women but not in men, a susceptibility that 
does not exist if the daughters are raised by nonalcoholic foster parents. 
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This does not deny the possibility of a genetic predisposition to depression 
in female relatives of alcoholics, since many genetic disorders require an 
environmental “trigger” to become clinically apparent. 

Summarizing the results of the Danish studies: 

1. Children of alcoholics are particularly vulnerable to alcoholism — 
whether raised by their alcoholic parents or by nonalcoholic foster parents. 

2. The vulnerability is specific for alcoholism and does not involve in- 
creased risk for other psychopathology, including abuse of other substances. 

3. Alcoholism is not on a continuum with “heavy drinking” or even 
“problem drinking” (defined as heavy drinking that results in problems but 
does not justify the term “alcoholism” as operationally defined in these 
studies). 

4. More definitive conclusions could be drawn from studies of the sons 
of alcoholics than of the daughters because the female control adoptees also 
had a higher rate of alcoholism than would be anticipated from estimated 
prevalence in the general population. In general, heavy drinking was far less 
frequent in the women than in the men, but, of those women who did drink 
heavily, an unusually high percentage became alcoholic. As for an overlap 
between depression and alcoholism in the family histories, daughters of 
alcoholics raised by their alcoholic parents were more subject to depression 
than were controls, but this was not true of daughters raised by nonal- 
coholic foster parents. This suggests that in women environment may be 
more important in producing depression than in producing alcoholism. 

5. The men in the study were relatively young to be diagnosed as alco- 

. holic. Where they met the criteria for alcoholism, they almost always had 
received treatment. The women alcoholics had a severe form of alcoholism, 
requiring treatment, but they were somewhat older. Alcoholism often be- 
gins at a later age in women than in men (2), and in both men and women 
alcoholics future study may disclose an increase in prevalence, That is, the 
ratio of alcoholics to nonalcoholics in the four groups may possibly change 
with time. 


Other Adoption Studies 


Four other adoption studies have been conducted, two of them subsequent 
to the Danish studies. 

In the early 1940s, Roe (15) obtained information about 49 foster chil- 
dren in the 20- to 40-year age group, 22 of normal parentage and 27 with 
a biological parent described as a “heavy drinker.” Neither group had adult 
drinking problems. Roe concluded there was no evidence of hereditary 
influences on drinking. 

This conclusion can be questioned on several grounds. First, the sample 
was small. There were only 21 men of “alcoholic” parentage and 11 of 
normal parentage. Second, the biological parents of the probands were 
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described as “heavy drinkers,” but it is not clear how many were alcoholic. 
Most had a history of antisocial behavior; none had been treated. All of the 
biological parents of the proband group in the Danish study received a 
hospital diagnosis of alcoholism, at a time when this diagnosis was rarely 
employed in Denmark. 

In 1972, Schuckit et al (16) also studied a group of individuals reared 
apart from their biological parents who had either a biological parent or a 
“surrogate” parent with a drinking problem. The subjects were significantly 
more likely to have a drinking problem if their biological parent was consid- 
ered alcoholic than if their surrogate parent was alcoholic. 

More recently, Bohman (17) studied 2000 adoptees born between 1930 
and 1949. He inspected official registers in Sweden for notations about 
alcohol abuse and criminal offenses in the adoptees and their biological and 
adoptive parents. There was a significant correlation between registrations 
for abuse of alcohol among biological parents and their adopted sons. 
Registered criminality in the biological parents did not predict criminality 
or alcoholism in the adopted sons. 

Cadoret & Gath (18) studied 84 adult adoptees (18 years or older) sepa- 
rated at birth from their biological relatives and having no further contact 
with them. Alcoholism occurred more frequently in adoptees whose biologi- 
cal background included alcoholism than it did in other adoptees. Alcohol- 
ism did not correlate with any other biological parental diagnosis. 

The above studies produced results similar to those found in the Danish 
adoption studies: alcoholism in the biological parents predicted alcoholism 
in their male offspring raised by unrelated adoptive parents but did not 
predict other psychiatric illness. 

Two studies have been reported bearing on possible genetic modes of 
transmission. Kaij & Dock (19) tested the hypothesis of a sex-linked factor 
influencing the occurrence of alcoholism by comparing alcohol abuse rates 
in 136 sons of the sons vs 134 sons of the daughters of 75 alcoholics. No 
difference between the groups of grandsons was found, suggesting a sex- 
linked factor was not involved. Nearly half of the grandsons had alcohol 
problems. 

Investigating the possibility that children of alcoholics metabolize alco- 
hol abnormally, Utne and co-workers (unpublished data) compared the 
disappearance rate of blood alcohol in two groups of adoptees, ten with an 
alcoholic parent and ten without. There was no difference. 


Familial Alcoholism 


Studies reviewed here suggest that “familial alcoholism” may be a useful 
diagnostic category. At least for research purposes it might be useful to 
separate alcoholics into familial vs nonfamilial types. 
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Studies indicate that familial alcoholism should include these features: 


1. A family history of alcoholism. If an alcoholic reports having one close 
relative who is alcoholic, he often reports having two or more. ` 

2. Early onset of alcoholism. The sons of alcoholics in the Danish study 
were alcoholic by their late 20s. Alcoholism may begin in early life but 
usually male alcoholics are in their mid or late 30s before they are 
identified as alcoholics. In the Finnish twin study (4), younger identical 
twins were concordant for alcoholism more often than older twins. Jones 
(20) reports that younger alcoholics have alcoholic relatives more often 
than do older alcoholics. ` 

3. Severe symptoms, requiring treatment at an early age. The alcoholic 
biological fathers in the Danish studies were identified because they were 
diagnosed in a Danish hospital. As noted, it is customary in many 
Danish hospitals to avoid the diagnosis of alcoholism when another 
diagnosis is available, e.g. a personality disorder. Therefore, it can safely 
be assumed that the alcoholic parents were severely alcoholic and this 
may explain why their offspring were so clearly alcoholic at a young age. 
In the study of Kaij (3), the concordance rate for alcoholism in identical 
twins rose as a function of the severity of the alcoholism. Another study 
(20) reported that “essential” alcoholism is associated with a family 
history of alcoholism more often than is “reactive” alcoholism. Essential 

_ alcoholism is defined as alcoholism apparently unrelated to external 

events (as “endogenous” depression is often contrasted with “reactive” 
depression); it connotes severity as.well as lack of other psychopa- 
thology. Amark (21) noted that periodic (severe) alcoholics had a family 
history of alcoholism more often than did less severe alcoholics. 

4. Absence of other conspicuous psychopathology. This was found in both 
the Danish studies (11-14) and the Bohman study (17). 


While based on incomplete evidence, the concept of “familial alcohol- 
ism” may at least have research value. 
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Introduction 


The retinal circulation is considered to be endarterial and a closed circuit 
since it is supplied by only one major afferent artery, the central retinal 
artery, and drained by only one efferent vessel, the central retinal vein. 
Knowledge of retinal vascular dynamics following occlusion of the major 
retinal vessels and their branches has expanded dramatically since the 
introduction of retinal fluorescein angiography, and has paved the way for 
important advances in the prognosis and therapy of a variety of retinal 
vascular occlusions. 


‘Arterial Occlusions 


The clinical picture of acute central retinal artery occlusion is characterized 
by sudden marked loss of vision in one eye. Ophthalmoscopic examination 
reveals narrowed arterioles and sludging of blood in the arterioles. The 
retina loses its transparency and turns milky white because of axonal swell- 
ing and necrosis of the inner retina. The characteristic “cherry red” spot 
in the fovea is due to the fact that the fovea does not contain retinal vessels 
and the thin retina in this area is nourished by the choroidal circulation, 
thus maintaining its transparency. Branch retinal artery occlusion produces 
similar ophthalmoscopic findings limited to the involved sector. 
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The etiology of central retinal artery occlusion is diverse; it includes 
atheroma formation or hemorrhage beneath the atheroma at the level of the 
lamina cribosa (1). Rarer causes include diseases such as temporal arteritis, 
periarteritis nodosa, sickle cell disease, trauma, and elevated intraocular 
pressure (2-4). Embolic phenomena appear to play a greater role in branch 
retinal occlusion than in central retinal artery occlusion. These emboli are 
usually atheromatous debris derived from the carotid arteries, e.g. choles- 
terol, platelets, and fibrin (5). Other sources of emboli are found in a variety 
of cardiac abnormalities including rheumatic vegetations, prolapsed mitral 
valves, and atrial myxomata (6, 7). There are many additional sources of 
emboli including self-injected retinal emboli (8). 

Central retinal artery occlusion represents an ocular emergency. Clinical 
reports indicate that good retinal function may return after occlusion of the 
central retinal artery for up to one hour (4). Experimental’ ‘studies indicate 
that retinal function may return after occlusion of the central retinal artery 
for up to two hours (9). One of the most useful therapeutic measures 
following acute central retinal artery occlusion is a rapid reduction in 
intraocular pressure by aspiration of a small amount of aqueous humor 
from the anterior chamber (4). Massage of the eye is also useful in lowering 
intraocular pressure or dislodging emboli. Vasodilation with retrobulbar 
injections of aminophylline or tolazoline or inhalation of 95% oxygen and 
5% carbon dioxide has appeared to be useful in a few isolated cases. The 
use of anticoagulants and thrombolytic agents does not appear justified at 
the present time in view of their high risk and lack of demonstrable efficacy. 

The medical workup of a patient with a central retinal artery occlusion 
should screen for those factors associated with atherosclerosis, including 
hypertension ‘and a lipid profile. Additional tests for evidence of a collagen 
vascular disease should be performed. Any evidence of retinal emboli re- 
quires more extensive studies including cardiac ultrasonography and car- 
diovascular angiography. Black patients should always have a hemoglobin 
electrophoresis to screen for evidence of sickle cell disease. 


Central Retinal Vein Occlusion 


Central retinal vein occlusion can be divided into two distinct entities on 
the basis of clinical findings, pathogenesis, complications, and modes of 
therapy. These two entities are “venous stasis retinopathy” and “hemorr- 
hagic retinopathy” (10). i 

Venous stasis retinopathy, also termed “impending” or “partial” central 
retinal vein occlusion, is encountered more frequently than hemorrhagic 
retinopathy. Patients often present with symptoms of blurred central vision 
that may improve during the day. Vision at the initial presentation is better 
than 20/50 in 90% of cases. Ophthalmoscopy in early cases reveals en- 
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gorged tortuous retinal veins, scattered flame-shaped and punctate retinal 
hemorrhages, and optic disk hyperemia. Evidence of capillary occlusion 
such as cotton wool spots is rarely seen. The retinal arteries may be normal 
or slightly narrowed. Fluorescein angiography discloses marked venous 
stasis with leakage of fluorescein dye from the large veins and their tributar- 
ies, from the vessels on the optic nerve, and, in certain cases, from the 
perifoveal capillaries. Visual loss in this disease is due to the development 
of cystoid macular edema that results from leakage of fluid into the retina 
from the perifoveal capillaries. Certain features of fluorescein angiography 
such as a broken perifoveal capillary arcade and extensive capillary leak- 
age, even in the absence of capillary closure, are useful in predicting the 
likelihood of cystoid macular edema (11). 

Venous stasis retinopathy is self-limited and resolves in a period of 
months to several years. Most patients with good capillary perfusion and 
an intact perifoveal capillary net, as demonstrated on fluorescein angiogra- 
phy, will retain vision of 20/50 or better. If cystoid macular edema devel- 
ops, then vision may decrease further. The disease affects both younger and 
older age groups. The pathogenesis in patients in their twenties and thirties 
is probably related to a phlebitis of the central retinal vein (12, 13). In older 
patients, it is probably secondary to atherosclerosis of the central retinal 
artery (10). 

Hemorrhagic retinopathy is seen most frequently in older age groups. 
There is a marked deterioration of vision. Ophthalmoscopy reveals gross 
retinal hemorrhages, dilated and tortuous retinal veins, microaneurysms, 
cotton-wool spots, arteriolar narrowing, and diffuse retinal edema and optic 
nerve edema. Fluorescein angiography discloses marked capillary nonper- 
fusion, venous stasis, and leakage of dye from the retinal veins and capillar- 
ies. Visual loss in this disease is due to retinal ischemia, intraretinal edema, 
and intraretinal hemorrhage. The most important complication is the devel- 
opment of iris neovascularization in approximately 50% of cases and the 
development of subsequent neovascular glaucoma in approximately 18% of 
patients (14). 

The pathogenesis of hemorrhagic retinopathy is related to atherosclerosis 
and arteriosclerosis of the central retinal artery, intimal and endothelial cell 
proliferation in the central retinal vein, and compression of the central 
retinal vein within or just behind the lamina cribosa (15). Experimental 
studies by Hayreh (16) suggest that a temporary episode of retinal ischemia 
combined with closure of the central retinal vein is necessary to produce the 
picture of hemorrhagic retinopathy. This is refuted by Hamilton and col- 
leagues (17), who feel that venous occlusion without concomitant arterial 
occlusion can produce progressive capillary closure and a picture resem- 
bling hemorrhagic retinopathy. Stagnation of blood flow has been involved 
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in the pathogenesis of central retinal venous occlusion in a number of 
conditions including carotid ‘disease, hyperviscosity syndromes, and 
glaucoma (18-20). Oral contraceptives have also been linked to central 
retinal vein occlusion (21). 

Effective therapy appears to be limited in central retinal vein occlusion. 
Oral steroids are of limited value in venous stasis retinopathy in younger 
patients where one is presumably treating a papillophlebitis (10). Venous 
statis retinopathy is a self-limited disease in most cases, however, and no 
effective therapy for cystoid macular edema, which is the main complication 
of venous stasis retinopathy, has yet been demonstrated. Similarly, the 
efficacy of anticoagulation and fibrinolytic agents has not been clearly dem- 
onstrated (22, 23). 

Panretinal photocoagulation is highly beneficial in preventing the second- 
ary complication of neovascular glaucoma in the ischemic or hemorrhagic 
type of central retinal vein occlusion (14). Nonetheless, in hemorrhagic 
central vein occlusion, visual loss is severe because of extensive retinal 
ischemia, edema, and hemorrhage for which there is no effective-therapy at 
present. 


Branch Retinal Vein Occlusion 


Branch retinal vein occlusion typically occurs at arteriovenous junctions 
where the vessels share a common inelastic adventitial coat. Sclerotic arter- 
ies, constrained at such sites, impinge directly on fellow veins; this causes 
venous stasis and, on occasion, thrombosis. The superotemporal fundus is 
the most common location for tributary vein occlusion, as more arteriove- 
nous crossings exist here than in any other quadrant. Vein occlusions are 
particularly common in hypertensive individuals and in patients with vascu- 
lar changes brought on by advancing age. A variety of other etiologic 
factors exist, many of which were mentioned in the pathogenesis of central 
retinal vein occlusion. 

The sectorial ophthalmoscopic and fluorescein angiographic features of 
branch vein occlusion are similar to those found in central vein obstruction 
except for two important features: retinal capillary collaterals and retinal 
and optic: nerve neovascularization. 

Capillary collaterals follow almost immediately after the acute occlusion 
and may be identified on fluorescein angiography within a few days of the 
obstruction. Some of these collaterals may give way under the excessive 
hemodynamic load and fine hemorrhages occur in the immediate microvas- 
culature of the obstructed vein. Intraretinal hemorrhages clear rapidly once 
collaterals develop. Established collaterals are clinically observable within 
a few weeks and persist for many years or indefinitely. 

Retinal neovascularization in the occluded quadrant is related to the 
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extent of ischemia noted on fluorescein angiography (24). The overall inci- 
dence of retinal neovascularization is approximately 25%. When only pa- 
tients. with marked ischemia, noted on fluorescein angiography, are 
included, the risk of neovascularization rises to 62% (25, 26). ` 

Most studies of the natural course of branch retinal vein obstruction show 
that about 50% of patients regain normal or near normal vision (20/20 to 
20/30) and that the retinal microvasculature adjusts in large part to the 
venous obstruction (27). Vessels that fail to regain competence within the 
first few months of the acute obstruction generally remain permeable to 
fluorescein, and, when the macula is involved, the vision usually deterio- 
rates slowly as secondary degenerative changes occur. 

The management of branch vein occlusion is controversial in view of the 
generally good prognosis for visual acuity, as noted in studies of the natural 
history of the disease. Anticoagulants, carbogen (oxygen and carbon diox- 
ide) inhalations, fibrinolysin, and other medical therapies have been recom- 
mended for patients with branch vein occlusion. However, none of these 
have been shown to improve significantly the natural course of the disease. 
If venous occlusion is secondary to vasculitis, systemic corticosteroids may 
have a place in therapy. 

Fluorescein angiography is important in predicting the likelihood of a 
patient developing retinal and optic nerve neovascularization. Scatter 
photocoagulation to the involved retinal quadrant is extremely effective in 
causing involution of the retinal and disk new vessels (24). 

Photocoagulation has also been used to treat macular edema, although 
controlled trials to date have not shown a significant difference between 
untreated eyes with established edema in terms of improved central vision 
(26). Retinal holes or tears associated with preretinal neovascularization 
and inner retinal ischemia have been effectively treated by photocoagulation 
if flat, or by conventional retinal detachment surgery if elevated (28). Where 
a severe vitreous hemorrhage complicates a tributary vein occlusion, pars 
plana vitrectomy is useful in removing the vitreous blood and clearing the 
visual axis. 


Conclusion 


Retinal arterial and venous occlusions continue to pose difficult problems 
for the clinician in terms of effective therapy. The most important advances 
in the last two decades have been the use of fluorescein angiography as a 
guide to visual prognosis in vein occlusions and the use of retinal 
photocoagulation to destroy or cause regression of retinal and iris neovascu- 
larization. Effective treatment of the systemic and ocular conditions respon- 
sible for these vascular occlusions will continue to be the most important 
task for the clinician. 
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INTRODUCTION 


Despite impressive gains in knowledge about the microbe and the host, the 
understanding and control of infections caused by staphylococci'are still far 
from complete. Staphylococcus aureus continues to cause serious infectious 
diseases with a relative high morbidity and mortality. These are classical 
examples of opportunistic infections: deviations from the state in which the 
host controls bacterial colonization and prevents tissue invasion. 

The staphylococcus possesses numerous virulence factors that can act 
independently to induce a variety of symptoms and lesions. Therefore, 
clinical disease caused by staphylococci may vary widely. Although staphy- 
lococci have a special preference for invasion of soft tissues and bones, every 
organ system can be affected (1, 2). l 

This paper reviews progress made in understanding the interaction be- 
tween virulence factors of staphylococci and defense mechanisms of the 
host as they-relate to colonization and invasion. In addition, defects in host 
resistance are discussed, as these may indicate the relative importance of 
host determinants in staphylococcal disease. The potential virulence fac- 
tors of staphylococci and their effects on host defense are summarized in 
Table 1. l l 


COLONIZATION 


In order to successfully parasitize the host, microorganisms must first firmly 
attach to host cells.. This phenomenon of attachment is called bacterial 
adherence: a specific and selective binding of certain bacterial surface com- 
ponents to receptors in the membrane of host cells. Bacterial adherence 
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Table 1 Potential virulence factors of Staphylococcus aureus 











Virulence factors Proposed effect on host defense 








Cell surface components 


Peptidoglycan : See Table 2 

Protein A Interference with opsonization 

Capsular material Interference with opsonization 
Extracellular products 

Coagulase Inhibition of phagocytosis (7) 

Catalase Inhibition of intraleukocytic killing 

Enterotoxin Gastrointestinal disturbance 

Epidermolytic toxin Exfoliative skin lesions 

Leukocidin Cytotoxic, leukotoxic 

a-Hemolysin Leukotoxic, induces dermonecrosis 


Ability to survive within phagocytic cells 





is generally thought to be an important first step in the pathogenesis of 
infections (3). But surprisingly, little is known about the factors that control 
staphylococcal adherence. | 
Staphylococci can adhere to many different cell types (4-6) and readily — 
colonize both skin and mucous membranes. The carriage rate for S. aureus 
on moist areas of the skin and in the anterior nares of healthy people varies 
from 10-40% (7). In a number of conditions, the S. aureus carriage rate 
is even higher. Over 60% of patients on long-term hemodialysis harbor S. 
aureus (8). In these patients, the carriage rate increases with time on 
hemodialysis but does not correlate with the frequency: of hospital admis- 
sion. A higher incidence of staphylococcal bacteremia was found in carriers 
compared to patients who were not colonized: Insulin-injecting diabetics 
and parenteral drug abusers have higher rates of staphylococcal carriage (9, 
10). Also of interest, staff members of the dialysis unit as well as patients 
with chronic renal failure without regular hemodialysis have an increased 
. carriage rate, while diabetics taking oral hypoglycemic agents and former 
drug abusers do not (8-10). 


Adherence 


Frost and co-workers (4, 5) demonstrated selective adherence of $. aureus 
to isolated epithelial cells from the bovine mammary duct. Streptococcus 
agalactiae adhered equally well: The adhesive properties of the bacteria 
paralleled their prevalence in bovine mastitis. Only certain types of cells, 
those not containing microvilli, were found to attach bacteria (5). Similar 
observations on S. aureus adherence were reported by Aly and co-workers 
(6, 11). Their studies showed that S. aureus, S. epidermidis, S. pyogenes, 
Pseudomonas aeruginosa, and diphtheroids firmly attached to washed nasal 
cells. Klebsiella pneumoniae and Streptococcus viridans did not show a 
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specific adherence. An increased number of staphylococci adhered to nasal 
mucosal cells from S. aureus carriers compared to cells from noncarriers 
(6), and mucosal cells from adults showed greater numbers of bacteria 
attached than did cells obtained from neonates. Interestingly, a virulent 
staphylococcal strain showed better adhesive properties than did the rela- 
tively avirulent 502 A strain of S. aureus (11). Heat killing of staphylococci 
only marginally reduced their capacity to adhere (6). However, pretreat- 
ment of staphylococci with specific antisera completely blocked sta- 
phylococcal adherence (5). Fainstein & Musher (12) demonstrated that 
pharyngeal cells from patients with acute respiratory illness and those from , 
volunteers experimentally infected with influenza A vaccine virus showed 
increased adherence of S. aureus. They postulated that alteration. in 
mucosal cells leading to increased bacterial adherence may play a role in 
the pathogenesis of superinfection by these microorganisms in patients with 
viral respiratory disease. Although teichoic acid has recently been proposed 
as one of the S. aureus cell wall components important for adherence (13), 
most of the adherence factors from both the host and the parasite are largely 
unknown. l 


Interference 

The presence of the regular microbial residents makes it more difficult for 
other microorganisms to become an established part of the microflora. The 
ability of bacteria to interfere with the multiplication of other bacteria has ` 
been demonstrated between numerous microorganisms, including staphylo- 
cocci (14). Interference between strains of S. aureus was used successfully 
as a tool in curtailing epidemics of staphylococcal disease in nurseries and 
in preventing recurrent furunculosis in patients (15, 16). In the latter case, 
it is essential to eradicate the pathogenic staphylococcus first, before the 
interfering strain, usually S. aureus 502 A, “takes” and persists (14). Be- 
cause minor skin infections and, rarely, more serious abscesses and one case 
of fatal septicemia have been reported (17), routine use of this strain in 
nonepidemic situations or in patients with suspected or proven defects in 
host defenses was discouraged. The basis of bacterial interference among 
staphylococci is poorly understood, and theoretically, may involve nutrient 
competition, release of toxic metabolites or bacteriocins, and competition 
for adherence sites on host cells (18, 19). The commensal flora is also 
influenced by the pH of the skin and mucous membrane and by antibiotics, 
tissue macrophages, and neutrophils (20). 


INVASION 


Once the skin and mucosal membranes are breached, the staphylococci may 
become highly pathogenic invaders. S. aureus is the most frequent bacterial 
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isolate in wound infections (21), cutaneous abscesses (22), deep tissue ab- 
scesses secondary to nonpenetrating trauma (23), shunt infections and bac- 
teremia in hemodialysis patients (7), pyogenic infections of the spine (24), 
blood cultures of patients with bacteremia (25, 26), and in acute bacterial 
endocarditis (27). 

Local defense mechanisms can be damaged, not only by trauma, but also 
by virus infections. Staphylococcal pneumonia is well known as a life- 
threatening complication of influenza virus respiratory tract infection (28, 
29). At least three distinctive mechanisms for impairment of antibacterial 

_pulmonary defenses by viruses have been proposed. 

First, influenza virus produces extensive desquamation of bronchial epi- 
thelium and areas of consolidation in the lung. These lesions prevent bac- 
terial clearance from the lungs by the mucociliary transport mechanism; 
consequently the inhaled staphylococci remain localized and multiply in the 
infected areas (30). 

Second, the adherence of S. aureus to mucosal epithelial cells may be 
increased during respiratory viral infections (12). Austin & Daniels (31) 
showed that staphylococcal strains that contained protein A had an in- 
creased adherence to influenza-infected kidney cell monolayers pretreated 
with anti-influenza serum; strains not containing protein A did not. They 

` concluded that protein A mediated adherence through its ability to react 
nonspecifically with the Fc portion of mammalian IgG. Protein A is detect- 
able in 99.5% of S. aureus strains but not in S. epidermidis strains (32-35). 

A third possible mechanism is the impaired phagocytic function of alveo- 
lar macrophages. These cells play a crucial role in destroying inhaled staph- 
ylococci (36). Jakab et al (37) showed that virus-induced impairment of 
alveolar macrophage killing was related to a defect in intracellular fusion 
between the lysosomes, which contain the bactericidal agents, and the 
phagosome, which contains the ingested microorganisms. These findings 
correlate well with clinical and experimental observations on leukocyte 
function during influenza virus infection in man. Defective phagocytic func- 
tion of polymorphonuclear and mononuclear cells (38, 39) has been re- 
ported in patients with acute influenza respiratory infection. Recent work 
in our laboratory demonstrated that influenza virus induces a respiratory 
burst in human peripheral blood neutrophils and monocytes (unpublished 
data). Thus, the capacity of phagocytes to produce bactericidal oxygen 
products may be depleted by viral infection; through auto-oxidation, toxic 
metabolites may accumulate causing decreased phagocyte function and 
accelerated cell death. Additional information relevant to the host response 
of the human respiratory system may now be obtained by use of fiberoptic 
bronchoscopy to retrieve bronchoalveolar macrophages and alveolar lining 
material of man. 
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PHAGOCYTOSIS AND DESTRUCTION 


Once the outer membranes are disrupted, ingestion and killing by phago- 
cytic cells become the major line of defense against infection. Phagocytosis 
is the process whereby cells transport particulate objects from the extracel- 
lular environment into intracellular vacuoles (phagosomes). Although 
many types of cells can be induced to engulf particles, the “professional” 
phagocytes are the neutrophilic polymorphonuclear leukocytes and the 
mononuclear phagocytes, i.e. the blood monocyte and the tissue macro- 
phage (for reviews, see 40-43). These cells have special capabilities to ingest 
and kill particles. Phagocytosis is preceded by direct migration of the 
phagocytic cell toward the focus of infection (chemotaxis). A number of 
separate steps can be distinguished during phagocytosis of S. aureus, 
including (a) alteration of the bacterial surface through opsonization, 
(b) attachment and ingestion of the opsonized bacteria to membrane recep- 
tors of phagocytes, and (c) intracellular killing and degradation of the 
staphylococci. This third step involves a multiplicity of mechanisms, all of 
which are centered around two cellular events: degranulation, i.e. fusion 
between the phagosome and granules present in the cytoplasm of the phago- 
cytes; and the initiation of the so-called respiratory burst, whose function 
is to produce a group of highly reactive microbicidal agents by the partial 
reduction of oxygen. 


Opsonization , ; 
Recruitment of adequate numbers of phagocytes to the infection site, as well 
as recognition of the staphylococci by these cells, is essential for the eradica- 
tion. of invading organisms. Recognition of staphylococci by phagocytes is 
mediated by opsonins, which are IgG antibodies and factors from the 
heat-labile complement system (44-46). These opsonins become firmly fixed 
to surface-structures of the microbe and are recognized by the leukocyte. 
Receptors with structural identity have not yet been defined, but the phago- 
cyte functions as. though it possesses membrane receptors specific for these 
opsonins. 

Although staphylococci are adequately opsonized in immune sera con- 
taining high levels of specific antibody without the participation of comple- 

. ment, the heat-labile complement system provides the majority of opsonic 

molecules for staphylococcal phagocytosis in healthy, nonimmune individ- 
uals (46-48). Considerable attention has been focused on the nature of the 
opsonic antibody molecule, and on the opsonic function of the complement 
system. 3 

Antibody directed against the teichoic acid (49) and peptidoglycan (50, 
51) moieties of the cell wall may be of primary importance in staphylococcal 
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opsonization. Recent studies demonstrate that cell wall peptidoglycan can 
absorb the heat-stable opsonic activity from normal and immune human 
sera, whereas a or £ teichoic acids cannot (45, 50, 51). In addition, 
Karakawa & Young (51) and Verbrugh et al (52) were able to demonstrate 
a direct opsonic effect of peptidoglycan-specific antibodies isolated from 
hyperimmune rabbit sera. At least three antigenic sites can be distinguished 
in bacterial peptidoglycans (53): (a) glycan strands that are chemically 
rather uniform among the bacterial species with W-acetyl-glucosamine. as 
the immunodominant group, (b) non-cross-linked pentapeptide with 
COOH-terminal p-alanyl-p-alanine as the immunodominant group, and 
(c) interpeptide bridges that are hexa- or pentaglycines. Antibodies directed 
against these interpeptide bridges are highly specific and have been used to 
distinguish staphylococci from micrococci (54). 

The immunological specificity of the opsonic peptidoglycan antibodies 
for staphylococcal phagocytosis is uncertain. Karakawa et al (51) found 
that peptidoglycan antibodies raised against group-A-variant streptococci 
stimulated staphylococcal uptake by human neutrophils. Recently, these 
investigators also showed that antibodies against Escherichia coli peptido- 
glycan were able to opsonize S. aureus, and they suggested a D-alanyl- 
D-alanine specificity for the opsonic immunoglobulins (55). In contrast, 
Humphreys et al (45) could not absorb peptidoglycan antibodies that were 
opsonic for $. aureus with purified peptidoglycans from S. epidermidis and 
S. thermophilus. The use of (monoclonal) antibodies with homogenous 
specificity against each of the three immunodominant sites of the peptido- 
glycan matrix is needed to establish the nature of the opsonic, peptidogly- 
can-directed antibody molecule. 

In nonimmune serum, staphylococcal opsonization is determined by the 
capacity of the various cell wall components to activate the complement 
system, which leads to deposition of opsonic C3b on the bacterial surface. 
The binding of human C3 to S. aureus during opsonization can be quantita- 
tively measured with radiolabeled C3 (56) or with fluorescence spec- 
trofluorometry (57, 58). Using this latter method, Verbrugh et al (57) 
demonstrated a direct relationship between the rate of staphylococcal C3 
fixation and the rate of opsonization in nonimmune human serum. All 
major cell wall components of S. aureus activate complement in normal ` 
human serum (58-62), and may thus contribute to complement-mediated 
staphylococcal opsonization. In the absence of antibody or. a functional 
classical complement pathway, staphylococcal opsonization may proceed 
by activation of only the alternative complement pathway (46, 63), which 
is mediated exclusively by peptidoglycan. From these studies, it is now clear 
that the peptidoglycan matrix of the cell wall is of great importance in the 
opsonization of the staphylococci by heat-stable as well as heat-labile serum 
opsonins (60). 
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Chemotaxis 


The directional movement of phagocytic cells into the site of infection 
(chemotaxis) is one of the initial host responses to staphylococcal invasion 
(for review, see 40). The migration of the cells occurs under the influence 
of soluble mediators (chemotactic factors). Some extracellular factors pro- 
duced by staphylococci act as these chemotaxins (64, 65). The precise 
nature of these factors is unknown. However, the major neutrophil chemo- 
tactic response to staphylococci results through activation of the comple- 
ment system (66). By virtue of their ability to activate complement, all 
major cell wall components of S. aureus contribute to the generation of 
chemotaxins. In this way, they act as chemotaxigens. Important chemotac- 
tic factors are a heat-stable cleavage product of the fifth component of 
complement (C5a), a heat-labile product of C3 (C3a), C3 convertase, and 
the trimolecular complex C567 (40). These factors are generated not only 
when complement is activated, but also after interaction with bacterial 
proteases, plasmin, trypsin, etc. 


Attachment and Ingestion 


Once opsonized, staphylococci are readily phagocytized by human poly- 
morphonuclear phagocytes. The phagocyte functions as though it possesses 
membrane receptors specific for opsonins. Different roles have been sug- 
gested for neutrophil IgG and complement receptors in the attachment and 
the ingestion phases of phagocytosis. Some investigators (67) find that 
complement receptors of macrophages and neutrophils can only mediate 
attachment but cannot induce ingestion of coated sheep erythrocytes or 
immune complexes. Fc receptors, however, were able to mediate both at- 
tachment and ingestion of opsonized particles. In contrast, the uptake of 
S. aureus, opsonized in either diluted normal serum or immune-globulin- 
deficient sera occurs via trypsin-sensitive membrane receptors, presumably 
C3b receptors, of the leukocytes (68). 

The interaction between opsonins and the receptors results in the forma- 
tion of pseudopods, which ultimately engulf the staphylococcus (ingestion) 
(see 40 for details). 


Killing and Destruction 


After being phagocytized most intracellular staphlococci are rapidly killed 
and degraded within the phagocytic vacuoles. However, some bacteria may 
survive within the leukocyte for prolonged periods of time. These survivors 
may outlive the phagocytic cells, which could explain the chronicity of some 
staphylococcal infections (69). _ 

The intracellular killing of staphylococci consists of EEE E E 
and oxygen-independent bactericidal mechanisms. Leukocytes from 
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healthy donors respond to phagocytosis by increasing. oxygen uptake, and 
shifting the metabolism to the hexose monophosphate shunt. Hydrogen 
peroxide and highly staphylocidal oxygen- and hydroxyl-radicals are pro- 
duced (oxygen-dependent killing system). Oxygen-independent staphylo- 
cidal systems in the phagocytes include the low pH within the vacuole, 
lysozyme, lactoferrin, and granular cationic proteins (40). Staphylococci 
are sensitive to lactic acid at pH 4.0-5.5, to lactoferrin, and to cationic 
-proteins. The increased virulence of staphylococci grown in vivo as com- 
pared to strains grown in vitro may in part be due to their increased 
resistance to intraleukocytic killing by cationic proteins (70). 


HUMORAL IMMUNITY 


Antibacterial and Antitoxic Antibodies 


During a staphylococcal infection, antibodies are produced against extracel- 
lular staphylococcal products and against cell wall antigens. In animal 
experiments, a clear distinction can be made between bactericidal, antibac- 
terial, and antitoxic immunity to S. aureus. Koenig et al (71) found that 
mice immunized with staphylococcal toxoid were completely resistant to 
staphylococcal a toxin (a membrane-damaging toxin), but were not pro- 
tected against intraperitoneal challenge with live staphylococci. On the 
other hand, antibacterial immunity, obtained by intravenous injection of 
heat-killed bacteria, did not protect mice from the lethal effect of a toxin. 

From the considerable literature dealing with the various aspects of 
antitoxic and antibacterial immunity (see 72 for details), it is clear that no 
single toxin or cell wall structure has yet been demonstrated: to be the 
all-important protection-inducting antigen. Also, attempts to correlate 
serum antitoxin titers to the resistance, presence, and activity of sta- 
phylococcal disease have met with mixed results (72). The importance of 
antibody against extracellular products seems to be limited to altering the 
course of already established staphylococcal infections. The levels of heat- 
stable, opsonic antibodies can be enhanced by either experimental infection 
or immunization, or during natural infection in animals and man (73). Also 
antibodies against teichoic acid are produced. This has led to the develop- 
ment of teichoic acid antibody assays as a clinical tool in the diagnosis of 
staphylococcal infection (74). 


CELL-MEDIATED IMMUNITY 


A cellular immune response against staphylococci, as evidenced by delayed 
hypersensitivity, has been demonstrated in immunized mice (75) and in 
patients with various types of recurrent S. aureus infections (76). The 
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induction of delayed hypersensitivity appears to depend upon multiple or 
prolonged encounters with the microorganism and requires repeated injec- 
tions of viable cocci in animals. This type of acquired immunity against 
staphylococci is transferable with leukocytes but not with serum. Repeated 
infections of rabbits and mice with staphylococci, followed by an appropri- 
ate elicitation step, increases the staphylocidal copan of the peritoneal 
macrophages (77). 

However, harmful effects of acquired ccltmatiated immunity have re- 
peatedly been demonstrated in systemic and local infections. Easmon & 
Glynn (78) observed that the incidence and extent- of necrotic skin lesions 
was greatest in mice given lymph node lymphocytes from sensitized donors. 
In contrast, T-lymphocyte-deficient nude mice, as well as T-cell-depleted 
mice showed mild staphylococcal lesions with no necrosis. These results 
also indicated that immune serum may override and prevent this deleterious 
effect of cell-mediated immunity. Splenic lymphocytes from mice displaying 
delayed hypersensitivity to Staphylococcus aureus release macrophage- 
activating lymphokines when cultured in vitro in the presence of heat-killed 
bacteria (79). Both cell wall peptidoglycan and S. aureus membrane pro- 
teins have been thought (78, 80) to contain the major determinants for 
delayed hypersensitivity. No cross-reactivity was observed when antigens 
from gram-negative bacteria were used. The role of cellular immunity in 
human defense against S. aureus remains to be clearly defined and is 
therefore a promising field for laboratory and clinical investigations. 


INTERFERENCE OF STAPHYLOCOCCAL 
PRODUCTS WITH HOST DEFENSE 


Extracellular Products 


Leukocidin and a.and £ toxin produced by S. aureus inhibit chemotaxis 
of human blood neutrophils and monocytes (65). On the other hand, some 
extracellular products act like chemotaxins and stimulate migration of 
phagocytes, as was noted before (64, 65). The potential toxic effects of many 
extracellular staphylococcal products on the tissues are reviewed exten- 
sively (81) and are beyond the scope of this discussion. 


Cell Wall Components 

Some S. aureus strains possess acidic polysaccharide capsules or pseudo- 
capsules. These encapsulated strains are not effectively opsonized in normal 
serum (82); complement is not an adequate opsonin for these strains. Anti- 
bodies specific for the capsular material are essential for efficient opsoniza- 
tion and subsequent phagocytosis. Opsonization can also be inhibited by 
protein A (83). As was mentioned before, protein A can react with the Fc 
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fragment of IgG, preventing binding of the opsonic antibody molecule with 
the so-called Fe receptor in the membrane of the phagocyte. Also, extracel- 
lular protein A, which is produced during bacterial growth, can consume 
complement and therefore decrease the amount of om pipmeal available for 
opsonization. 

Recent attention fas focused on the “endotoxic” potential of aiioa: ; 
can’ (84, 85), which may be critical in determining the severity of the 
infection. Although many of.the toxic effects were first observed with pep- 
tidoglycans from streptococci, the structurally related staphylococcal pep- 
tidoglycan behaves very similarly. Thus, staphylococcal peptidoglycan is _ 
pyrogenic when injected intravenously into rabbits (84). Intradermal injec- 
tion of purified peptidoglycan induces inflammatory skin lesion in-a dose- 
dependent fashion (84). Hill (86) observed that the resistance against 
intracutaneous challenge with live staphylocccci is greatly reduced by prior 
injection of peptidoglycan into the challenge site. Peptidoglycan inhibited 
the early, beneficial stage of fluid exudation at the site of infection, and was 
called ‘‘aggressin.” Easmon et al (87) suggested that the aggressin activity 
was due to the ability of peptidoglycan to prevent the release of kinins by 
interfering with the Hageman factor—kinin pathway. In addition, peptido- 
glycan reduces leukocyte chemotactic responsiveness (88), and this effect, 
which is neutralized by peptidoglycan-specific antibody (89), may also con- 
tribute to the increased severity of the lesions. On the other hand, sta- 
phylococcal peptidoglycan may also exert some beneficial effects on the host 
that makes the study of its role in health and disease even more challenging 
(see Table 2). 

The capacity of staphylococci to consume human complement may also 
have serious side effects. Lew et al (90) recently reported that at the site of 
infection complement consumption by bacteria may be extensive, resulting 
in release of appreciable quantities of complement breakdown products and 
low levels of remaining opsonic activity. In addition to lowering of locally 


Table 2 Properties of staphylococcal peptidoglycan 














Property 


Effect 





Pyrogenicity 


Shwartzman reactivity 


Induction of inflammatory skin lesions 
and lesions in internal organs 


Agressin activity 
Immunosuppressive activity 
Complement activation (both pathways) 


Increases nonspecific resistance to bac- 
terial infection 


Mitogenicity 
Adjuvant activity 


Macrophage activation 
Anti-tumor activity 7 
Immunogenicity (B and T cell systems) 
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a 
available heat-labile opsonins, breakdown products of complement may 
have a direct deleterious effect on phagocytic cells. These products, primar- 
ily C5a, may lead to aggregation and immobilization of granulocytic ata 
site distant from the focus of infection (91). 


DEFECTS IN HOST RESISTANCE 


Defects in the host resistance that lead to an increased susceptibility to 
infections are extensively reviewed (40, 92, 93). Several clinical entities have 
, been described in which a defective staphylocidal function of leukocytes has 
been found. The first syndrome in which the pathogenesis of disease was 
clearly associated with defective bactericidal function of polymorphonu- 
clear leukocytes was chronic granulomatous disease (94). Phagocytes from 
patients with this congenital disease do not respond normally to phagocyto- 
sis with an increase in oxygen uptake. There is little shift in metabolism to 
the hexosemonophosphate shunt, and hydrogen peroxide does not accumu- 
late in the phagocytic vacuoles. Microorganisms that produce their own 
hydrogen peroxide, however, do not survive within the intraleukocyte envi- 
ronment. S. aureus produces catalase, an enzyme that breaks down the 
hydrogen peroxide produced by the staphylococcus, and is not killed by its 
own peroxide. S. aureus is thus well equipped for prolonged survival in such 
leukocytes with defective hydrogen-peroxide-producing capacity. 

Patients with hematologic malignancies and patients receiving cytotoxic 
chemotherapy may have both qualitative and quantitative leukocyte de- 
fects. Staphylococcal infections are serious and recurrent in such patients 
(for reviews see 40, 95). Recurrent staphylococcal infections are also seen 
in patients with diabetes mellitus and renal insufficiency. Leukocyte dys- 
function may account for this propensity for infection; defects have been 
described in chemotaxis, phagocytosis and bactericidal activity (40). A 
number of conditions with defective leukotaxis have been reported and 
recurrent staphylococcal infections have been associated with such defects 
(40). One such condition is called Job’s syndrome, a condition that is also 
associated with greatly elevated serum IgE levels. The decreased leukotactic 
responsiveness of the patients with high IgE levels is not related to a direct 
effect of the high concentrations of IgE, since the serum from these patients 
does not impair the chemotactic activity of control leukocytes. It is postu- 
lated that histamine and histamine-induced cyclic adenosine monophos- 
phate accumulate within the neutrophils of these patients and depress 
chemotactic responsiveness. The high levels of IgE contain antistaphylococ- 
cal antibodies (96). 

Abnormal phagocytosis due to a deficiency in the heat-labile opsonic 
activity of serum may also lead to serious infections. Some of the patients 
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with deficiencies in components of the complement system suffer from 
recurrent staphylococcal infections. Also, infections are frequently seen in 
patients with a diminished heat-stable opsonic activity such as in patients 
with agammaglobulinemia and with certain lymphoreticular malignancies. 


CONCLUSION AND PERSPECTIVE 


Considering the armament of the staphylococcus, i.e. its exotoxins, the 
antiphagocytic cell wall components, its peptidoglycan with “endotoxic” 
activity, and its capacity to survive the intraphagocytic environment, it is 
not surprising that Staphylococcus aureus remains a serious cause of infec- 
tion. Chemotherapy has changed the clinical spectrum but has not eradi- 
cated serious staphylococcal infections. The pathogenesis of staphylococcal 
disease remains poorly understood. Investigations of normal cellular and 
humoral responses to staphylococci have provided some insight into the 
significant microbial and host factors. The study of these responses in 
‘patients with defective immunological mechanisms has been especially 
valuable in increasing our knowledge of host response to this microorgan- 
ism. 

Future advances in the prevention and therapy of staphylococcal disease 
will depend on advances in knowledge of the molecular biology of the 
microbe and the mechanisms of host defense. Attention should be especially 
focused on the host factors that control colonization and on microbial and 
host factors responsible for invasion and generalized infection. 
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INTRODUCTION 


Overview 


The aim of this review is‘to discuss the impact of alcohol on the endocrine 
system and the possible involvement of alcohol-induced endocrine distur- 
bances in the behavioral, pharmacological, and biochemical actions of the 
drug as well as the biomedical complications associated: with its long-term 
use. Interest in this area stems from the realization of two important factors: 
alcohol exerts substantial effects on virtually every endocrine system; and 
because of the pervasive influence of hormones in the cellular biochemistry 
of every organ, drug-induced alterations in any endocrine system are likely 
to be significantly involved in the actions of alcohol. 


Conceptual and Methodological Issues debe in 
Alcohol-Endocrine Studies 


PHARMACOLOGICAL AND ENDOCRINOLOGICAL VARIABLES 
There has been a tendency for many investigators to ignore pharmacologi- 
cal considerations in their investigations of drug-endocrine interactions. For 
example, many studies examine the endocrine effects of a single dose of drug 
at one time interval after its injection. This creates misleading results and 
may in part explain some of the confusion in the literature, since it has been 
shown that alcohol exerts biphasic effects on many hormones as a function 
of both dose- and time-response considerations (see below). 

Studies in the female have largely been avoided, principally because of 
the cyclic nature of their hormone secretion rates—-the most prominent of 
which are those associated with the menstrual or estrous cycle, but there 
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are other episodic hormone secretory patterns as well. It also appears that 
temporal variation occurs in the secretion of many hormones in the male. 
Thus, the measured effects of a drug on a specific endocrine system will 
depend upon when a blood sample is obtained. In addition, there are 
numerous other variables that might influence endocrine function apart 
from direct drug effects, including nutritional status, the ingestion of 
drugs other than alcohol, or the stress associated with the experimental 
situation. 

An additional problem in many studies is that often only a single hor- 
mone is measured, and it is assumed that any change in its levels will reflect 
overall activity in the neuroendocrine system of which it is a part. Since 
every endocrine system has numerous feedback controls (1), changes in one 
aspect of the axis often have profound implications for activity in other 
portions of that axis. Consequently, multiple hormones should be measured 
in a single blood sample, but this has not always been done. \ 

There are also several important problems encountered in chronic drug 
studies or when alcoholics are employed to study alcohol’s effects on the 
endocrine system. First, all endocrine systems display remarkable plasticity, 
and after a period of chronic drug exposure one has no idea whether what 
one is observing is a direct effect of alcohol on a specific hormone or a 
secondary alteration in that hormone. Second, chronic alcohol administra- 
tion frequently results in irreversible organ damage that contaminates any 
studies of direct drug-induced alterations in endocrine function. Finally, the 
alcoholic frequently has many problems other than alcoholism, such as 
poly-drug abuse, and psychiatric and medical difficulties that cloud an 
interpretation of any endocrine data. 

The problems briefly mentioned above should be borne in mind in evalu- 
ating the literature on alcohol-endocrine interactions. The degree to which 
these problems have been recognized has largely dictated the literature 
selection utilized in the present state-of-the-art review. The interested 
reader is referred to two recent in-depth reviews in which the literature 
regarding the variables influencing drug-endocrine studies has been dis- 
cussed (2, 3). 


ALCOHOL-ENDOCRINE INTERACTIONS 
Hypothalamic-Pituitary-Gonadal Axis 


One general observation can be made about the effects of alcohol on the 
hypothalamic-pituitary-gonadal axis: it appears to reduce significantly 
serum testosterone levels after its acute administration in the male of every 
species studied, and testosterone levels in alcoholics or animals chronically 
exposed to alcohol are markedly lower than those found in controls (3—10). 
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There are four mechanisms that could account for reduced serum testos- 
terone levels after acute or chronic alcohol administration. First, alcohol 
could enhance the metabolism of testosterone by the liver; second, it could 
block the biosynthesis of the steroid at the level of the testes; third, it could 
suppress the synthesis and/or felease of luteinizing hormone (LH) from the 
pituitary and thereby inhibit LH-dependent testicular steroidogenesis; or, 
finally, it could inhibit the release of LH-releasing hormone (LH-RH) from 
the hypothalamus, resulting in a series of secondary effects on the pituitary 
and testes. These possibilities will be discussed in the ensuing sections. 


LIVER It is well documented that the clearance of testosterone is 
markedly enhanced relative to controls in the chronic alcoholic human or 
animal (6-9, 11, 12). This effect appears to be due to an induction of the 
enzymes responsible for the degradation of testosterone in the liver, primar- 
ily 5-a-reductases (6, 11, 12). However, recent studies by Gordon and his 
colleagues (13, 14) add some complexity to this issue. These investigators 
found that prolonged administration of alcohol (> 1 year) to baboons or 
man resulted in a decrease in the activity of 5-a-reductases (13, 14). They 
suggested that this may be why the metabolism of testosterone is often 
. depressed in humans subjected to very prolonged alcohol consumption (15, 
16), and they speculated that a reduced conversion of testosterone to di- 
hydrotestosterone in the secondary sex organs, resulting from decreased 5-a- 
reductase activity (13, 14), could further exacerbate the effects of alcohol 
on testosterone-dependent systems. 

Additional alterations in the metabolic fate of testosterone after pro- 
longed administration of alcohol in humans and animals have also been 
demonstrated. For example, chronic alcohol administration has been asso- 
ciated with increases in circulating estrogens (17-19), and this increase in 
plasma estrogen levels correlates with an increase in hepatic aromatase 
activity (18), an enzyme involved in converting androgens to estrogens. 
Moreover, there is an increased rate of conversion of testosterone and 
androstenedione to their respective estrogeris in vivo in man (14, 15, 17). 
Since estrogen administration promotes signs of “feminization,” it seems 
likely that increases in the formation of estrogens, coupled with decreases 
in serum testosterone levels, may play a significant role in the disturbances 
in reproductive endocrinology in the chronic alcoholic. 


TESTES A good deal of evidence suggests that alcohol exerts direct effects 
on the production of testosterone by the testes in the male of every species 
after -both acute and. chronic alcohol administration. As mentioned above, 
both acute and chronic alcohol administration lower serum testosterone 


126 CICERO 


levels in the male of all species thus far examined, and, with repeated and 
persistent usage, alcoho] may ultimately irreversibly damage the ultrastruc- 
tural and biochemical architecture of the testes (see references above; 8, 
20-22). 

Several in vivo and in vitro studies have demonstrated unequivocally that 
alcohol directly inhibits LH-dependent testicular steroidogenesis. For ex- 
ample, several groups of investigators have shown that alcohol markedly 
suppressed gonadotropin-stimulated testosterone production in the male 
rodent in vivo (18, 23, 24). Since gonadotropin levels were far above those 
required to promote testicular steroidogenesis in these studies, it seems clear 
that alcohol exerts direct effects at the level of the testes—whether or not 
it has any effect on the hypothalamic-pituitary-LH axis (see below). 

In several in vitro preparations, alcohol inhibited the basal or gonodotro- 
pin-stimulated production of testosterone by the testes in normal male rats 
(24-29). Moreover, Gordon et al (18) showed that testes obtained from 
rodents chronically treated with alcohol responded very poorly to gonado- 
tropin stimulation. It should be noted, however, that extremely high con- 
centrations of alcohol have generally been required in vitro to produce 
significant inhibitions of testicular steroidogenesis, whereas very low doses 
of alcohol have been required to inhibit steroidogenesis in vivo (18, 23, 24). 
Although some of this difference might reflect inherent differences in the 
sensitivity of in vitro versus in vivo preparations, the results of a number 
of recent studies suggest that the metabolism of alcohol, which occurs 
readily in vivo and minimally in vitro (25), may be responsible for the effects 
of alcohol on steroidogenesis. Two consequences of the metabolism of 
alcohol could be involved: a change in the NADt/NADH ratio (since some 
of the enzymes involved in testicular steroidogenesis are NAD*-dependent) 
or the generation of the highly reactive metabolite acetaldehyde. Sufficient 
evidence has now accumulated to implicate both mechanisms in the actions 
of alcohol on testicular steroidogenesis (3, 24, 25, 29-32). Whether both are 
equally involved or whether one predominates under in vivo conditions 
remains to be determined. 

The step in the biosynthetic pathway of testosterone which is inhibited 
by alcohol or acetaldehyde has been examined by two groups of investiga- 
tors (31, 32). Gordon et al (31) provided evidence that alcohol inhibits the 
enzyme converting pregnenolone to progesterone in vivo (A°-3f6~dehy- 
drogenase). The mechanism underlying this effect appears to be a depletion 
of NAD* due to the metabolism of alcohol. On the other hand, under in 
vitro conditions, Cicero et al (32) found that alcohol and acetaldehyde 
significantly affected only a single step in the biosynthesis of testosterone— 
the conversion of androstenedione to testosterone. None of the other pre- 
cursors of testosterone was affected by the two drugs, including the conver- 
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sion of pregnenolone to progesterone [the step implicated by Gordon et al . 
(31)]. Based upon these studies, it appears that alcohol and acetaldehyde 
directly affect the biosynthetic pathway for testosterone in the testes by two 
mechanisms. Both drugs directly affect the conversion of androstenedione 
to testosterone (in vitro), and this effect may be compounded in vivo (but 
not in vitro) by a reduction in the conversion of pregnenolone to progester- 
one. 


Hypothalamic-pituitary-LH axis Although the studies described in the 
preceding section would seem to indicate that the inhibitory effects of 
alcohol on serum testosterone levels can be attributed exclusively to an 
action at the level of the testes, it is equally clear from a variety of studies 
that alcohol has a significant effect on the hypothalamic-pituitary-LH axis. 

Several investigators have demonstrated in the rat that acute injections 
of alcohol significantly depressed serum LH levels (2-5, 33, 34). Chronic 
alcohol administration also depresses serum LH levels in the rodent (2, 3, 
20, 34). The situation in the human regarding the acute and chronic effects 
of alcohol on serum LH is not as clear as it is in the rat. Increases, decreases, 
and frequently no changes in serum LH levels have been found after acute 
or chronic administration of alcohol (2, 3, 6, 15, 21, 35-38). Although an 
initial interpretation of these data could be that alcohol exerts no impact 
on the hypothalamic-pituitary-LH axis, at least in the human, these results 
in fact argue for a strong effect on the central aspect of the hypothalamic- 
pituitary-gonadal axis. That is, it is well established that the hypothalamic- 
pituitary-LH axis is continuously inhibited by testosterone, and when the 
axis is relieved of this negative feedback control, serum LH levels rise by 
10- to 20-fold with respect to controls (1). Since in all of the studies in the 
human discussed above, serum LH levels were only modestly changed, even 
though serum testosterone levels were markedly reduced, it appears that the 
hypothalamic-pituitary-LH axis must be significantly inhibited by alcohol. 
To directly assess this strong inference, several investigators examined the 
effects of alcohol on the castration-induced rise in serum LH levels in the 
male rat (5, 33, 34, 39). In these studies alcohol markedly suppressed the 
increase in serum LH following castration, demonstrating unequivocally 
that alcohol has very substantial effects upon the hypothalamic-pituitary- 
LH axis. 

The bulk of the currently available evidence suggests that, within the 
hypothalamic-pituitary axis, alcohol exerts its effects by acting on the hypo- 
thalamus. For example, acute or chronic alcohol administration does not 
reduce the rise in serum LH produced by systemically administered LH-RH 
in rats and humans (5, 15, 20, 23, 33). Similarly, the effects of LH-RH on 
the release of LH by the anterior pituitary in vitro are not attenuated in the 
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presence of relatively high concentrations of alcohol (5, 23). Furthermore, 
if one blocks the rise in serum LH induced by castration with alcohol and 
then administers LH-RH, LH levels return promptly to the pre-alcohol- 
treated levels (5, 23, 33, 39). These data demonstrate that LH-RH can 
overcome alcohol’s blockade of the hypothalamic-pituitary-LH axis; hence . 
the drug must be exerting its effects at a suprasellar site within this axis. 
However, Van Thiel and his associates (40) reported that the response to 
LH-RH provocation in chronic alcoholics was impaired in some cases; 
Baker et al (15) also found that a small percentage of alcoholics responded 
poorly to LH-RH stimulation. It is not clear why these investigators found 
a pituitary effect of alcohol in some alcoholics, whereas other investigators 
have not (see above), but perhaps the chronicity of exposure and/or other 
intervening variables (e.g. nutrition or alterations in other endocrine sys- 
tems) may explain these discordant findings. Nevertheless, it appears that 
alcohol can directly alter hypothalamic function (a view not seriously dis- 
puted by any investigator), apart from whether or not it has any effects on 
the pituitary. Most likely alcohol affects the hypothalamus by inhibiting 
LH-RH release, but this has not yet been unequivocally established. 
From the foregoing review of the effects of alcohol on the liver, testes, 
and hypothalamic-pituitary-LH axis it is apparent that the drug exerts 
multiple effects on the hypothalamic-pituitary-gonadal axis, resulting in a 
marked and pronounced impairment of reproductive endocrinology and 
physiology in the male. It is not known to what extent alcohol also influ- 
ences the function of the hypothalamic-pituitary-gonadal axis in the female, 
since there are relatively few available studies which would shed any light 
on this issue. What is known is that alcohol appears to disrupt the menstrual 
cycle in the human and estrous cycle in the rodent (e.g. 2, 3) and appears 
to be a significant gonadal (ovarian) toxin (41), but there have been too few 
systematic studies undertaken to draw any meaningful conclusions. 


CONSEQUENCES OF DRUG-INDUCED ALTERATIONS IN THE HYPO- ' 
THALAMIC-PITUITARY-GONADAL AXIS The consequences of altera- 
tions in the hormones secreted by the hypothalamic-pituitary-gonadal axis 
as a function of acute or chronic alcohol administration have not been 
systematically examined. Recently, however, alcohol-induced reductions in 
serum testosterone levels were implicated in the development of metabolic 
tolerance to alcohol. Israel and his colleagues (42, 43), and subsequently 
Cicero et al (44), reported that castration resulted in markedly enhanced 
levels of alcohol dehydrogenase in the liver and a corresponding increase 
in the clearance of alcohol in the male rat. This effect occurred very soon 
after castration and essentially reached a maximum within a matter of two 
to three days (44). Moreover, daily injections of testosterone readily re- 
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versed this increase in alcohol dehydrogenase and the clearance of alcohol. 
_ Since alcohol markedly suppresses serum testosterone levels, acutely and 
chronically (see above), both groups of investigators speculated that chronic 
alcohol administration might be equivalent to “chemical” castration. Some 
support for this hypothesis has recently been provided by Israel et al (42). 
They reported that metabolic tolerance to alcohol could not be produced 
in castrated animals, whereas a significant increase in alcohol dehydroge- 
nase and the metabolism of alcohol occurred in sham-operated rats after a 
period of chronic alcohol administration. These data were interpreted as 
supporting the notion that drug-induced reductions in testosterone were 
responsible for the production of metabolic tolerance to alcohol—at least 
in the male rat. 

The ‘possible involvement of testosterone in the control of alcohol dehy- 
drogenase leads to several interesting predictions regarding cross-tolerance 
between alcohol and other sedative-hypnotic drugs. Many drugs that are 
cross-tolerant with alcohol also depress serum testosterone levels in the 
male of several species (e.g. 2, 3, 45). Cicero et al (44) examined whether 
chronic treatment with morphine increased alcohol dehydrogenase and the 
clearance of alcohol. They found that morphine produced a pronounced 
(85%) increase in liver alcohol dehydrogenase activity and a greatly en- 
hanced clearance of alcohol, which was completely reversed by daily injec- 
tions of testosterone. These results support the hypothesis that liver alcohol 
dehydrogenase is under the control of testosterone and, furthermore, sug- 
gest that the testosterone-depleting effects of many abused substances may 
be an important biochemical mechanism mediating cross-tolerance between 
them. It should be clear, however, that all of the studies reviewed above 
used only the male rat; it remains to be determined whether similar results 
will be obtained in other species, including man. 

With respect to the consequences of changes in the secretion of LH or 
LH-RH induced by alcohol, there are no data available at the present time. 


Hypothalamic-Pituitary-Adrenal Axis 


DIRECT EFFECTS OF ALCOHOL ON THE HYPOTHALAMIC-PITUI- 
TARY-ADRENAL AXIS Acute alcohol administration at appropriate 
doses elevates corticosterone levels in animals and cortisol levels in normal 
human volunteers (46-52), but this has not been observed in all studies (3, 
53, 54). The reasons for the latter discrepancies are not entirely clear, but 
they may be related to dose-response problems, which will be dealt with in 
depth below. Nevertheless, it appears that in general after very high, intox- 
icating doses of alcohol in both animals and humans, serum corticosterone 
and cortisol, respectively, are elevated. With respect to chronic effects of 
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alcohol on the hypothalamic-pituitary-adrenal axis, many groups have 
shown persistent elevations in cortisol (in man) during the drinking phase 
and corticosterone (in rats) after acute challenges with alcohol once a 
critical blood level is achieved (50, 53-62). Moreover, although tolerance 
develops to the effects of alcohol on the hypothalamic-pituitary-adrenal axis 
in some studies (60-62), most investigators have failed to find this (3, 48, 
54, 55, 57). 

With respect to basal, resting levels of cortisol in the alcoholic, increases 
have generally been found in those subjects still drinking (see references 
above), whereas levels appear to be normal in the abstinent alcoholic (54, 
57, 59). The effects of acute challenges with alcohol in the abstinent alco- 
holic have also been examined, but conflicting results have been obtained. 
For example, Merry & Marks (50) administered alcohol to acutely with- 
drawn alcoholics and found a depression in plasma cortisol levels, rather 
than the increase usually observed after acute administration in normals or 
alcoholics (see above). On the other hand, two groups observed that re- 
sumption of alcohol use in abstinent alcoholics produced increases in 
cortisol levels comparable to those found in normal subjects or drinking 
alcoholics (57-59). At present it is unclear what accounts for these differ- 
ences in results obtained with abstinent alcoholics. 

Alcohol does not appear to act directly at the level of the adrenal to 
enhance the secretion of steroids, but rather the locus of action seems to be 
on the hypothalamic-pituitary axis. This conclusion is based on the follow- 
ing observations: (a) pituitary ACTH levels were depleted after acute alco- 
hol treatment in rodents (61), which appeared to correlate with increased 
corticosterone release; (b) alcohol was ineffective in promoting the release 
of corticosterone in hypophysectomized animals, which indicates that an 
intact pituitary is necessary for an effect to be observed (48, 49); and (c) in 
humans with pituitary tumors in which there is clinical evidence of im- 
paired ACTH release, alcohol does not raise cortisol levels (52). 

A cautionary note should be made with regard to the effects of alcohol 
or any drug on the hypothalamic-pituitary-adrenal axis. That is, it is ex- 
tremely difficult to state in any study of drug-induced changes in this axis 
whether one is observing a direct effect of the drug per se or a secondary 
consequence of the stress associated with acute or chronic drug treatment. 
In the case of alcohol, unfortunately, a strong case can be made that its 
effects upon the hypothalamic-pituitary-adrenal axis are due exclusively to 
the stress associated with its administration. This conclusion is based on the 
observation that in most studies in humans or animals a release of cortisol 
or corticosterone seems to have occurred in an all-or-none fashion once an 
intoxicating blood level of alcohol was achieved, and there was no apparent 
correlation between blood alcohol levels and corticosterone release (e.g. 49, 
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52-54, 57-59). In addition, the route by which alcohol is administered and 
how fast the peak blood alcohol levels are attained determine whether an 
adrenal response occurs at all following acute alcohol administration (63, 
64). If alcohol exerts a drug-specific effect on this axis, a good dose-response 
relationship should exist; it is very difficult to imagine that the rate of onset 
of peak blood alcohol levels or the route of administration would be impor- 
tant variables if stress were not involved in some way. Until these issues are 
resolved, it is very difficult to conclude anything with respect to the effects 
of alcohol per se on the hypothalamic-pituitary-adrenal axis. 


CONSEQUENCES OF DRUG-INDUCED ALTERATIONS IN HYPO- 
THALAMIC-PITUITARY-ADRENAL ACTIVATION The consequences 
of acute alterations in corticosterone or cortisol production induced by 
acute alcohol administration in animals or humans, respectively, are not at 
all well understood. Indeed, there are essentially no data available regarding 
this point. 

With respect to the development of tolerance to and physical dependence 
on alcohol, however, there does appear to be some participation of the 
hypothalamic-pituitary-adrenal axis. Sze et al (65, 66) demonstrated in rats 
and mice that adrenalectomy markedly decreased the severity of the alcohol 
withdrawal reaction. In other studies Kakihana (46) showed that mice with 
very high serum corticosterone levels had much more severe withdrawal 
seizures than did mice with low corticosterone levels. This study seems to 
corroborate the results of Sze et al (65, 66) and suggests that the basal level 
of activity in the hypothalamic-pituitary-adrenal axis determines in part the 
chronic effects of ethanol on the central nervous system. 

Several groups of investigators have also found significant interactions 
between the hypothalamic-pituitary-adrenal axis and the development of 
tolerance. For example, Sze (67) reported that adrenalectomy abolished the 
increase in liver alcohol dehydrogenase occurring as a result of chronic 
alcohol administration in mice. He suggested, therefore, that enhanced 
levels of activity in the hypothalamic-pituitary-adrenal axis played a “‘per- 
missive role” in the development of metabolic tolerance to alcohol. In 
addition, two groups of workers have examined whether alcohol-induced 
alterations in the hypothalamic-pituitary-adrenal axis participate in the 
development of “functional” tolerance to alcohol. Tabakoff & Yanai (68) 
found that treatment of rats with cortolexone, a corticosterone antagonist, 
resulted in an attenuation of the development of tolerance to the hypother- 
mic effects of alcohol following chronic maintenance on alcohol-containing 
liquid diets. Similarly, Wood (69) found that chronic treatment with dex- 
amethasone, a corticosterone-like compound, accelerated the development 
of tolerance to the behavioral effects of alcohol, in addition to antagonizing 
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its acute effects to some extent. These three reports thus seem to provide 
good evidence that alterations in hypothalamic-pituitary-adrenal activity 
may play some role in the acute actions of alcohol and the development of 
metabolic and functional tolerance. 


Hypothalamic-Pituitary-Thyroid Axis 


DIRECT EFFECTS OF ALCOHOL ON THE HYPOTHALAMIC-PITUI- 
TARY-THYROID AXIS The most consistent effect of alcohol on the func- 
tion of the thyroid is the modest decrease of serum thyroxine (T,) levels and 
the marked decrease of serum triiodothyronine (T3) levels (70-75). This 
effect has been observed after acute alcohol administration but is most 
pronounced in chronic alcoholics, particularly those with alcoholic hepati- 
tis or cirrhosis (70-75). It appears, however, that the very low concentra- 
tions of T; in the serum of alcoholics, and perhaps normals after acute 
alcohol administration, does not reflect a direct action on the thyroid, since 
T; levels and serum TSH levels are only modestly (T4) or not at all (TSH) 
lower than those found in controls (70-75). The most likely mechanism 
involved appears to be a direct effect of alcohol on the peripheral conversion 
of T, to T, (70), which takes place primarily in the liver (76). 

Additional studies of the effects of acute or chronic alcohol administra- 
tion on thyroid hormones have revealed that there is an increased uptake 
of T; and T; into a number of target organs, particularly the liver, both in 
vivo and in vitro (70, 72-74). Moreover, alcohol has also been reported to 
increase the uptake of iodine by the thyroid (77), but, unfortunately, consis- 
tent results have not been obtained (65, 73, 77). 

Alcohol does not appear to exert any important effects on the hypo- 
thalamic-pituitary aspects of the hypothalamic-pituitary-thyroid axis: when 
serum TSH levels were measured, the levels of this pituitary hormone were 
generally unaltered after acute or chronic alcohol administration (see above; . 
70, 75). 

Although the foregoing studies suggest that alcoholics have relatively 
normal thyroid function, Goldberg (78, 79) reported that chronic alcoholics 
had a high degree of hypothyroidism, and he suggested that this was a 
significant feature of their clinical status. Moreover, he claimed a good 
clinical response to treatment with thyroid hormones in alcoholics (78, 79). 
On the basis of the large amount of data gathered since these initial reports, 
however, it does not appear that alcoholics have hypothyroidism or that 
thyroid hormones have any utility in the treatment of alcoholism (see above; 
80-82). 


CONSEQUENCES OF ALTERED THYROID FUNCTION Recent studies 
show that the administration of TRH to drug-naive male rats significantly 


ALCOHOL-NEUROENDOCRINE INTERACTIONS 133 


antagonized the acute effects of alcohol (for a review, see 83), Apart from 
these studies, however, literature does not indicate that alcohol-induced 
alterations in the function of the thyroid participate in the drug’s acute 
effects or in the development of tolerance and withdrawal behavior. 

However, Israel and his colleagues recently provided evidence of an 
extremely important interaction between the thyroid and alcohol-induced 
liver disease (42, 73, 84-86). Several years ago these investigators showed 
that chronic alcohol consumption produced a hypermetabolic condition in 
the liver which was accompanied by an increase in the rate of oxygen 
consumption (73, 84, 86)..Since thyroid hormones also produce a hyper- 
metabolic state (70, 73, 84), they suggested that alterations in thyroid 
hormones may play a role in alcoholic hepatitis and cirrhosis. In support 
of this hypothesis, they found that thyroidectomy virtually eliminated the 
hypermetabolic state induced by chronic alcohol administration in male 
rats (84, 86) and that the administration of the antithyroid drug propylthi- 
ouracil (PTU) reversed the effects of alcohol on the liver (85, 86). 

On the basis of these studies in animals, Orrego et al (71) and Israel et 
al (42, 70) conducted double-blind clinical tests of the efficacy of PTU as 
a treatment modality in patients with alcoholic liver disease. In agreement 
with much of the work described above, they found that T, levels were 
markedly reduced in their alcoholic population (70) when compared to 
controls, and there was an excellent inverse correlation between serum 
T; levels and the extent of liver damage (70, 71). The administration of PTU 
was found to provide an excellent degree of reversal of liver damage in 
chronic alcoholics and was most effective in patients with the lowest serum 
T3.levels and most severe liver damage (70, 71). Patients with normal T3 
levels did not respond effectively to PTU treatment. These studies are 
extremely important for two reasons. First, serum T3 levels may provide a 
good screening device to assess alcoholic liver damage, although it should 
be noted that other conditions also give rise to reduced serum T, (70), which 
may limit its usefulness; second, PTU may provide the first clinically effica- 
cious treatment for one of the most devastating consequences of alcoholism. 


Growth Hormone 


DIRECT EFFECTS OF ALCOHOL ON GROWTH HORMONE RELEASE 

The evidence regarding the effects of acute and chronic alcohol administra- 
tion on basal growth hormone levels in humans is equivocal at the present 
time. Various investigators have found increases, decreases, or no changes 
in steady-state growth hormone levels in human males following acute alco- 
hol administration (3, 87-90). But, there appears to be good agreement 
that alcohol acutely blocks stimulated growth hormone release (e.g. by 
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environmental stimuli, hypoglycemia, or L-dopa chemotherapy) in normal 
males and chronic alcoholics (87-93). In animals there are essentially no 
systematic studies of the effects of alcohol on growth hormone release. 
There have been no attempts to localize the actions of alcohol on growth 
hormone release to the hypothalamus or pituitary. 


CONSEQUENCES OF DRUG-INDUCED ALTERATIONS IN GROWTH 
HORMONE None of the studies in the literature indicate that changes in 
growth hormone secretion after acute or chronic alcohol administration are 
involved in the acute or chronic actions of alcohol. It seems obvious, how- 
ever, that persistent alcohol-induced depressions in the secretion of this 
critical anterior pituitary hormone would have significant effects upon 
many biochemical processes in virtually every organ in the body. 


Prolactin 


DIRECT EFFECTS OF ALCOHOL ON PROLACTIN RELEASE There are 
few studies of the effects of alcohol on prolactin release in the male human. 
Most investigators have found increases in prolactin levels in normal volun- 
teers after acute alcohol administration and in the drinking chronic alco- 
holic, but it should be noted that not all investigators have observed such 
changes (3, 19, 38, 94-98). Furthermore, resting levels of prolactin in the 
abstinent chronic alcoholic have been found to be normal or slightly re- 
duced in the few studies available (99, 100). 

In terms of the effects of alcohol on stimulated prolactin release, Ylikahri 
- et al (38, 101) found that the prolactin response to TRH (increase) was 
significantly enhanced during periods of peak blood alcohol levels in normal 
volunteers. On the other hand, two groups of investigators found that 
TRH-stimulated prolactin release was blunted during withdrawal from 
alcohol in chronic alcoholics (100) or 10 hours after the administration of 
a very high dose of alcohol (“the hangover period”) in normal human 
volunteers (38, 101). 

Taken as a whole, these acute and chronic studies in the human seem to 
indicate that (a) acute alcohol administration tends to increase prolactin in 
normal volunteers; (b) basal, resting levels in the alcoholic are normal or 
modestly lower than those found in controls; and (c) the prolactin response 
to TRH is enhanced by acute alcohol administration but may be attenuated 
during the “hangover period” or in the chronic alcoholic undergoing with- 
drawal. It should be obvious, however, that these conclusions are general, 
tentative ones, and not all of the data are consistent with these interpreta- 
tions (see above). In the rat chronic alcohol administration appears to 
elevate serum prolactin levels (3), but this issue has not been examined in 
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any depth. There are no studies available in which acute alcohol administra- 
tion in the rodent has been examined. 

In terms of the locus of action of alcohol within the hypothalamic- 
pituitary axis, there are essentially no data but it has been reported that 
alcohol increases the release of prolactin by the anterior pituitary in vitro 
(102). 

A major problem in interpreting the significance of drug-induced altera- 
tions in prolactin is that it is difficult to differentiate drug-specific effects 
from the nonspecific effects of stress. Since prolactin levels rise dramatically 
in response to stress in many species (103) and alcohol itself may be a 
stressor, particularly when given in intoxicating amounts, the significance 
of alcohol-induced changes in prolactin must be interpreted with caution. 


CONSEQUENCES OF DRUG-INDUCED ALTERATIONS IN PROLACTIN 
Changes in prolactin levels subsequent to acute or chronic alcohol adminis- 
tration are not well documented, so it is not surprising that there has been 
little speculation about their significance. Van Thiel et al (19, 95) suggested 
that increases in prolactin levels in chronic alcoholics might participate in 
the “feminization,” particularly gynecomastia, observed in these individu- 
als. Williams (94) suggested that alcohol-induced increases in prolactin may 
contribute to a higher degree of breast cancer in alcoholics. At present, 
however, there are no convincing data that unequivocally establish this 
relationship. 


Vasopressin 


DIRECT EFFECTS OF ALCOHOL ON VASOPRESSIN RELEASE There 
seems to be little question that acute alcohol administration or ingestion 
produces diuresis in both the male and female animal and human (104— 
109). It seems equally clear that alcohol produces this effect by inhibiting 
the secretion of vasopressin. This conclusion is based on two sets of observa- 
tions. First, alcohol-induced diuresis can be overcome by the administration 
of synthetic vasopressin (104, 106, 109); second, serum vasopressin levels 
are markedly reduced in normal human volunteers and animals after acute 
alcohol administration on the ascending slope of the blood alcohol curve 
when diuresis is most prominent (105, 107, 110-113). During chronic alco- 
hol administration little or no tolerance seems to develop to the antidiuretic 
effects of alcohol or its inhibition of vasopressin release (107, 113). The 
actions of alcohol on vasopressin release have also been studied during 
alcohol withdrawal in chronic alcoholics or on the descending limb of the 
blood alcohol curve after acute administration. Generally, “rebound” in- 
creases in vasopressin have been found in these studies (105, 107, 110). 
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The locus of alcohol’s actions on vasopressin release appears to be at or 
above the supraoptic nucleus of the hypothalamus. The evidence in support 
of this conclusion can be summarized as follows. First, stimuli that nor- 
mally give rise to vasopressin release, such as a sodium chloride load (21, 
104) or direct application of acetylcholine to neurons in the supraoptic 
nucleus in the hypothalamus (105), can override the diuretic effects of 
alcohol. Second, alcohol inhibits the histological changes in vasopressin- 
containing cells of the supraoptic nucleus produced by a large dose of 
sodium chloride in animals (114). Finally, alcohol inhibits the electrically 
evoked discharges of the supraoptic secretory cells in the hypothalamus 
(115). This action is not due to a direct effect of alcohol on these cells, 
however, since they respond very well to direct stimulation (see the first and 
second points above). Alcohol’s effects on vasopressin release therefore 
seem to be due to an action at some neuronal locus above the neurosecretory 
cells. 


CONSEQUENCES OF ALCOHOL-INDUCED ALTERATIONS IN VA- 
SOPRESSIN LEVELS Although there are few data linking changes in 
vasopressin to the acute pharmacological effects of alcohol (aside from 
diuresis), there is a growing body of evidence suggesting that vasopressin 
and other centrally active peptides may play a significant role in the devel- 
opment of tolerance and physical dependence. Hoffman and co-workers 
(116, 117) reasoned that vasopressin might participate in the acquisition 
and maintenance of tolerance to alcohol because of two observations. First, 
many peptides in brain, including vasopressin, have significant biological 
activity, particularly with respect to the acquisition and retention of certain 
learned behaviors in rats. Second, vasopressin and its analogs alter the acute 
effects of psychoactive drugs and the development of tolerance to narcotics 
(see 116-118 for reviews). 

In view of these observations and the fact that alcohol alters serum 
vasopressin levels (see above), Hoffman et al (116, 117) examined whether 
the continuous administration of arginine vasopressin (AVP) during a pe- 
riod of chronic alcohol exposure would alter either the acquisition or main- 
tenance of tolerance to alcohol. They found that tolerance to the 
hypothermic effects of alcohol persisted for longer periods of time following 
discontinuation of alcohol treatment in AVP-treated rats than it did in 
control-injected animals. Moreover, they demonstrated that only the reten- 
tion, and not the acquisition, of tolerance was affected by AVP administra- 
tion (i.e. AVP-treated animals attained the same level of tolerance at 
apparently the same rate). The observations of Hoffman et al (116, 117) 
have subsequently been replicated by Rigter & Crabbe (119, 120). 

The effects of vasopressin on alcohol withdrawal symptoms have also 
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been examined. On this point, however, there is some controversy. Hoffman 
et al (116, 117) reported that vasopressin did not affect withdrawal signs and 
reactions in their animals. Rigter & Crabbe (119, 120) found that the 
intraventricular injection of vasopressin markedly increased both tolerance 
persistence and withdrawal symptomatology. There is no apparent explana- 
tion for this difference. 

On the basis of the studies of Hoffman et al and Rigter & Crabbe it 
appears that alcohol-induced alterations in vasopressin may participate in 
the development of tolerance and physical dependence. These are poten- 
tially important observations, and further studies are needed to more fully 

‘characterize the mechanisms underlying this interaction. 


CONCLUSIONS 


In this review an attempt has been made to describe the available studies 
concerning the impact of alcohol on a variety of neuroendocrine systems. 
As should be apparent, we know relatively little about the effects of alcohol 
on the full range of neuroendocrine systems. A good deal is known about 
the effects of alcohol on the hypothalamic-pituitary-gonadal axis and much 
less so on all of the remaining neuroendocrine axes. Clearly, we need to 
know a great deal more about the effects of alcohol on the hypothalamic- 
pituitary-adrenal and hypothalamic-pituitary-thyroid axes and upon 
growth hormone and vasopressin release, as well as several other neuroen- 
docrines that have been virtually ignored. Moreover, a number of questions 
remain with respect to the effects of alcohol on all of the neuroendocrine 
systems discussed in this review. 

The significance of alcohol-induced changes in endocrine state are only 
now being appreciated. This is somewhat surprising in view of the fact that 
hormones play such an integral role in the cellular biochemistry and physi- 
ology of every organ in the body. It is virtually unimaginable that significant 
alcohol-induced alterations in the secretion of any hormone, therefore, 
would not be profoundly significant for both the acute pharmacological 
actions of the drug and the long-term consequences associated with its use 
(i.e. biomedical complications and the development of tolerance and physi- 
cal dependence). Indeed, investigators exploring the ramifications of altera- 
tions in neuroendocrine function as a by-product of acute and chronic 
alcohol administration find very significant alcohol-endocrine interactions 
(see appropriate preceding sections). This strongly validates the assumption 
that changes in endocrine state are integrally involved in alcohol’s acute and 
chronic effects in many organ systems. Future studies along these lines 
should be quite informative and important. 
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INTRODUCTION 


During the first two months after birth, the concentration of hemoglobin 
declines rapidly from the highest to the lowest values that occur at any 
period of development (1-6). The low point is termed the physiologic 
anemia of infancy. It is considered physiologic because it is characteristic 
of healthy infants, it occurs in the absence of any recognized nutritional 
deficiency, and there is no sustained response to blood transfusion. If the 
fall in hemoglobin concentration were an isolated phenomenon, it would 
significantly diminish the availability of oxygen to the tissues. However, 
while hemoglobin concentration is decreasing, there are other changes that 
lead to a progressive rightward shift of the oxygen equilibrium curve, 
permitting more oxygen to be released by hemoglobin at any given oxygen 
tension (7—9). While these modifications in oxygen delivery are taking place, 
there are concurrent changes in oxygen requirements. As the newborn 
adapts to an extrauterine environment, his oxygen needs progressively in- 
crease (10-12), and he becomes less able to withstand oxygen lack (13). 
Therefore, if tissue oxygenation is to remain adequate, oxygen extraction 
and/or cardiac output must increase. 

In the otherwise healthy term infant, the adaptations in oxygen delivery 
during the first two months after birth are rarely associated with clinical 
evidence of hypoxia. However, in the premature infant, the fall in hemo- 
globin concentration is more profound, and in some infants clinical evi- 
dence suggests that O, delivery is compromised and that a blood transfusion 
is required (14-16). Nevertheless, the rapidity of developmental changes 
that affect oxygen delivery and the complexity of their interactions has been 
an impediment to developing clear-cut criteria for transfusion. Conse- 
quently, this is an area in which clinical practices vary widely. Regardless 
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of the type of management, the anemia of prematurity is a self-limited 
condition since changes in both hemoglobin concentration (5) and oxygen 
affinity (7) favor enhanced oxygen delivery after 2-3 months of age. How- 
ever, hypoxia in some infants during the nadir of their anemia might have 
both acute and long-lasting consequences. 

This paper first reviews the normal postnatal changes in the concentra- 
tion of hemoglobin and in oxygen delivery, and outlines some of the mecha- 
nisms believed to be responsible for these changes. Next, there is the difficult 
matter of deciding under what conditions the anemia becomes pathologic 
and should be reversed by transfusion. Last to be considered are factors that 
can accentuate the anemia of prematurity and that can be either avoided 
or minimized. 


Changes in Concentration of Hemoglobin 


The postnatal decline in concentration of hemoglobin can be attributed 
largely to an abrupt increase in oxygen availability. At birth, the concentra- 
tion of hemoglobin in umbilical cord blood averages about 17 g/dl (17). 
This relative polycythemia results from the hypoxic intrauterine environ- 
ment, in which blood in the most highly oxygenated fetal vessel, the umbili- 
cal vein, is far less saturated with oxygen than blood that has passed 
through the lungs after birth (18). Fetal red cell production is elevated (19) 
presumably in response to an increased activity of erythropoietin (20, 21), 
the humoral stimulator of red cell production, which occurs in response to 
tissue hypoxia. The high rate of intrauterine red cell production is reflected 
at birth by average values of about 5% reticulocytes and 7 nucleated red 
cells/per 100 white cells in term infants. Values in premature infants are 
often 2-3 times higher (17). 

After birth, as oxygen from the lungs virtually saturates the hemoglobin 
in arterial blood, oxygen delivery to the tissues is facilitated. This results 
in diminished activity of erythropoietin in the plasma (20) and a decrease 
in the production of red cells during the first few days of life (2, 22). In the 
peripheral blood, these changes are reflected in a precipitous fall in the 
reticulocyte count and the disappearance of nucleated red blood cells (2, 
17). In the bone marrow, the percentage of erythroid precursor cells de- 
clines from an average of 35% at birth to 15% after one week (23, 24), and 
extramedullary hematopoiesis comes to a halt. 

A marked depression in the rate of red blood cell production continues 
for 4-6 weeks (2, 24). During this period, the rate of red cell destruction 
is greater than in later life: red cell life span is estimated to be less than 70 
days compared with 120 days in the adult (19, 25). As a consequence of 
decreased red cell production, more rapid destruction, and a marked in- 
crease in blood volume with growth, the mean hemoglobin concentration 
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in term infants drops to the lowest value of 11.0 g/dl at about 2 months of 
age (26). The fall in hemoglobin concentration is of greater magnitude in 
the low birth weight infant (5). At about 2 months, infants with birth 
weights between 1500 and 2000 g have a mean hemoglobin concentration 
of about 9.5 g/dl; the corresponding value for those with a birth weight 
below 1500 g is 9.0 g/dl (Figure 1). This decline in hemoglobin concentra- 
tion is independent of iron nutrition and occurs at a time when neonatal iron 
stores are still present (2, 5). 

After about 4-6 weeks of age, increased red blood cell production is 
indicated by a rise in the reticulocyte count (2), and hemoglobin concentra- 
tion in the term infant rises gradually to maintain a mean hemoglobin value 
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Figure I Hemoglobin concentration and reticulocyte counts in preterm and term infants. 
Median values and 95% confidence limits are indicated for each of three birth weight catego- 
ries. (Hemoglobin values are from Liindstrom et al 1977 (5) and Saarinen & Siimes 1978 (26); 
reticulocyte values are from unpublished data on the same infants from whom hemoglobin 
values were derived.) : 
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of 12.5 g/dl through the remainder of the first year of life (26). The mainte- 
nance of this hemoglobin concentration requires a doubling of body iron by 
one year of age (27). This additional iron must be supplied from dietary 
sources after 4-6 months of age when neonatal iron stores have been de- 
pleted (2, 28). 

In the premature infant, the rise in reticulocyte count (2) and the rate of 
increase in hemoglobin concentration after 2 months of age are even greater 
than in the term infant, and by 5 months the mean values of the premature ` 
are equivalent to those of term infants (29). The hemoglobin values in the 
premature infant become dependent on an adequate supply of dietary iron 
as early as 2 months after birth (1-3, 5), because neonatal iron stores are 
proportionally smaller and the relative rate of growth is greater than in the 
term infant (a three- to fourfold increase in weight in the 4-5 months after 
` birth during which the term infant doubles his birth weight). 


Changes in the Oxygen Affinity of Hemoglobin 


The hemoglobin molecule combines reversibly with oxygen, which allows 
red blood cells to pick up oxygen from the lungs and then deliver it to the 
tissues. The oxygen affinity of hemoglobin assumes particular importance 
in the interpretation of anemia in infants because it undergoes major 
changes after birth, and there are large individual variations at any given 
age (7, 8). Oxygen affinity is most readily depicted in quantitative terms by 
the oxygen dissociation curve, which is derived by plotting the oxygen 
saturation of a red cell suspension against its oxygen tension or partial 
pressure (Po) under standard in vitro conditions of pH and temperature. 
The oxygen tension at which hemoglobin becomes 50% saturated is termed 
the Psp. In adults, the Ps) averages 27 torr (mm Hg). The oxygen dissocia- 
tion curve of the fetus and newborn is shifted to the left (an average Ps of 
18-22 torr), with the lowest values in the most premature infants (30); this 
denotes a higher oxygen affinity that favors the extraction of oxygen from 
the maternal circulation. Although the high oxygen affinity of fetal blood 
suits the conditions of the intrauterine environment, it is not as favorable 
for the release of oxygen to the tissues at the increased oxygen tensions that 
prevail after birth. The adaptation to an oxygen dissociation curve more 
favorable for extrauterine conditions is not reached for many weeks. By 3 
months of age, the curve has shifted to the right, to a position similar to 
that of the adult; here it remains relatively constant throughout the remain- 
der of life (7, 8). The experimental use of adult blood for exchange transfu- 
sion of hypoxic newborn infants (31) is an attempt to facilitate the release 
of oxygen to the tissues by speeding a change that would normally occur 
more slowly. The procedure, though theoretically appealing, remains con- 
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troversial in terms of clinical effectiveness; it is not discussed in this review 
since it is applicable primarily to the immediate postnatal period, before the 
anemia of prematurity has developed. 

The basis for the gradual shift of the oxygen dissociation curve after birth 
was not understood until about 15 years ago when it was found that certain 
organic phosphates can decrease the affinity of hemoglobin A for oxygen 
by competing for oxygen-binding sites (32-34). The most important of these 
compounds in modulating the interaction between hemoglobin and oxygen 
is 2, 3-diphosphoglycerate (DPG). Because hemoglobin F has a lower affin- 
ity for DPG than-hemoglobin A, it binds oxygen more tenaciously (7-9, 35, 
36), which accounts for an oxygen dissociation curve in the newborn that 
lies to the left. The postnatal rise in Ps) with a shift of the oxygen dissocia- 
tion curve to the right is partly attributable to the gradual replacement of 
hemoglobin F by hemoglobin A and a consequent increase in the capacity 
of hemoglobin to bind DPG (7, 8). The switch from production of hemo- 
globin F to hemoglobin A starts in utero and is largely complete by 4 
months after birth, but the rate of transition is slow and is little influenced 
by the timing of birth (37). Infants who have been transfused are likely to 
have a low oxygen affinity for their age because the percentage of hemo- 
globin F has been decreased by the hemoglobin A in the transfused blood 
(6, 38). l 

There is also a second mechanism by which DPG can influence the 
oxygen affinity of hemoglobin. The DPG molecule is acidic. Thus a high 
concentration of DPG decreases the pH within the red blood cell, which 
then shifts the oxygen dissociation curve to the right. This change in oxygen 
affinity with an alteration in pH is called the Bohr effect (39). At baseline 
concentrations of red cell DPG, binding of DPG to the hemoglobin A 
molecule appears to be the more important influence on oxygen affinity; at 
high levels of DPG the pH effect predominates (9, 40). Usually, DPG and 
hemoglobin are present in approximately equimolar concentrations in the 
red blood cell (34); however, following the experimental initiation of a 
hypoxic stimulus, the concentration of DPG increases over a period of 
about 48 hours (41). This response is brought about by a variety of factors 
that alter the rates of synthesis and utilization of DPG (for review, see 40). 
Premature infants of low birth weight have elevated mean red cell DPG 
values between 6 and 10 weeks (7), when the anemia of prematurity is most 
evident. Consequently, the decrease in oxygen affinity that facilitates oxygen 
delivery during this period may be largely mediated by the effect of DPG 
on red cell pH. 

There are other factors that influence red cell pH and modify the affinity 
of hemoglobin for oxygen but that are not evident from in vitro measure- 
ments of oxygen affinity. Probably the most important of these is the almost 
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instantaneous and reversible change in oxygen affinity that occurs each time 
the red cell makes a circuit through the vasculature (34). As blood becomes 
progressively more acid with the release of carbon dioxide.and metabolic 
acids into the capillaries, the affinity of hemoglobin for oxygen decreases 
through the Bohr effect, facilitating the release of oxygen to the tissues. This 
mechanism favors varying degrees of oxygen release in different parts of the 
circulation, since metabolically active and hypoxic tissues will provide the 
most acidic environments for hemoglobin. Such local regulation of oxygen 
release is of great physiologic importance but is difficult to evaluate clini- 
cally, since pH is subject to rapid changes in different parts of the circulation 
and will depend on variations in regional blood flow and rates of tissue 
metabolism. 


Oxygen Delivery to Tissues 

Studies of oxygen delivery in infants have dealt primarily with the interac- 
tion between the concentration of hemoglobin and its in vitro affinity for 
oxygen. This interaction is depicted in Figure 2 where the oxygen-carrying 
capacity of the blood (which is proportional to the concentration of hemo- 
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Figure 2 ‘Oxygen equilibrium curves of blood from a representative premature infant, 1-2 
days and 8 weeks after birth. The curves are based on mean values for infants with birth 
weights between 1000-and 1500 g obtained by Delivoria-Papadopoulos et al., 1971 (7). The 
Oxygen-unloading capacity, indicated in dark gray, is greater at 8 weeks than at 1-2 days-after 
birth. Available oxygen is represented by both the dark and light gray areas; values are lower 
at 8 weeks (42), thus apparently corresponding more closely to clinical circumstances. 
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globin) is plotted against oxygen tension. The volume of oxygen unloaded 
to the tissues can be estimated by determining the decrease in oxygen- 
carrying capacity as oxygen tension decreases from values characteristic of 
arterial blood to the values present in the venous side of the circulation (7, 
8, 42). 

In the newborn, blood has a high oxygen-carrying capacity, but the 
ability to release oxygen to the tissues is impaired by a high oxygen affinity. 
Between 1 and 3 months of age, the oxygen-carrying capacity of the blood 
is decreased, but this apparent handicap is partially compensated by the 
enhanced capacity of hemoglobin to release oxygen to the tissues (7, 8, 42). 
Thus, the ability to deliver oxygen during the postnatal period can remain 
relatively constant despite major changes in concentration of hemoglobin 
and oxygen affinity. 

If anemia is defined exclusively in reference to hemoglobin values in 
healthy subjects of the same age and maturity, then we should consider the 
low hemoglobin concentration in most premature infants between 1 and 3 
months of age to be normal and the term anemia to be inappropriate. 
However, it may be more reasonable to define anemia in terms of physi- 
ologic function, in reference to the adequacy of the oxygen supply to the 
tissues (7, 14, 42, 43). Efforts have been made to define anemia on a func- 
tional basis, taking both the concentration of hemoglobin and the position 
of the oxygen dissociation curve into account. Even though such definitions 
may be difficult to apply to individual patients, they are conceptually useful 
because they avoid the widespread tendency to consider oxygen delivery 
only in terms of the concentration of hemoglobin. 

One term proposed is the oxygen-releasing capacity of blood, calculated 
from the difference in oxygen content between arterial blood at 95% oxygen 
saturation and mixed venous blood at an oxygen tension of 40 torr (7). In 
healthy premature infants the oxygen releasing capacity actually increases 
during the first 2 months after birth because the decrease in oxygen affinity 
of the blood more than counterbalances the decline in hemoglobin concen- 
tration (Figure 2) (7). Unfortunately, the maintenance of a stable or increas- 
ing oxygen-releasing capacity may obscure the fact that reserves for oxygen 
delivery have diminished and that there may be impaired ability to further 
compensate for the increased demands of respiratory exertion, low environ- 
mental temperature, and other factors that could increase oxygen require- 
ments. 

Another defect of the oxygen-releasing capacity is the assumption that 
mixed venous Po, remains constant. However, data obtained from newborn 
lambs, which have a postnatal anemia similar to that in infants, show that 
the mixed venous Po, does not remain constant; it decreases in an adaptive 
manner to as low as 20 torr, to maintain a stable oxygen consumption (44). 
The same conclusion was reached in experiments on rhesus monkeys in 
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which an exchange transfusion was performed with stored autologous blood 
that had become DPG-depleted and had a high oxygen affinity (45). No 
significant change in oxygen consumption or cardiac output was observed; 
the major adaptation for the maintenance of oxygen delivery was a substan- 
tial decrease in mixed venous Po). 

These considerations favor the use of another expression of oxygen deliv- 
ery, the available oxygen (14, 42). Available oxygen is calculated from the 
difference in oxygen content between an arterial Po, of 100 torr and a mixed 
venous Po, of 20 torr; it represents tle amount of oxygen that can be 
extracted before the need arises for an increase in cardiac output at rest. The 
- definition of available oxygen is based on evidence in animals and in man 
that when oxygen tension falls to about 20 torr cardiac output increases in 
response to oxygen demands (46, 47). An oxygen tension of at least 20 torr 
is also believed to be necessary for a sufficient oxygen gradient to exist 
between the capillary and the interior of tissue cells (48). Available oxygen 
can be calculated to decrease slightly between the first days after birth and 
about 8 weeks of age (Figure 2); this decrease is in accord with clinical 
evidence that, at least in some infants, there is little reserve for maintenance 
of oxygen delivery between 6 and 12 weeks of age (14-16). Available oxygen 
in a group of infants believed to have clinical signs of anemia was signifi- 
cantly lower than in those without such findings, even though the difference 
in hemoglobin concentration between the two groups did not reach statisti- 
cal significance (14). Unfortunately, individual values for available oxygen 
showed marked overlap between infants with signs of anemia and those 
without; this makes it impractical to rely on this calculation as the sole 
criterion in deciding whether an individual infant requires a blood transfu- 
sion. However, it may prove to be a good and practical way to express the 
infant’s ability to deliver oxygen. Recently developed instruments can pro- 
vide an oxygen dissociation curve on a few microliters of capillary blood. 
The results would make it a relatively simple matter to calculate an acutal 
available oxygen rather than relying on assumed values (42). 


Redistribution of Blood Flow 


In response to hypoxia, there is a redistribution of blood flow within the 
body while total cardiac output and arterial blood pressure tend to remain 
constant. These circulatory adjustments to hypoxia are generally beneficial 
in that they augment the flow of blood to organs with a great dependence 
on oxygen for their metabolism. The mechanisms that mediate the redistri- 
bution of blood flow are discussed in a recent review (49) and fall primarily 
into two categories: local vascular effects and effects of chemoreceptor 
stimulation. 

The /ocal vascular effects have been studied by perfusion experiments in 
experimental animals. Local perfusion with hypoxic blood resulted in 
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marked vasodilation in the heart and the brain. In contrast, the blood 
vessels of the kidneys and the extremities did not become vasodilated, even 
at an arterial Po, as low as 20 torr. These changes in vascular tone would 
shunt more blood to the heart and the brain (49). 

Local perfusion with angiotensin or epinephrine resulted in a similar 
redistribution of blood flow in response to hypoxia, except that it was due 
to selective vasoconstriction rather than vasodilation. For example, with an 
arterial oxygen tension of 40 torr, the normal vasoconstrictor response to 
angiotensin was maintained in skeletal muscle but it was abolished in the 
coronary vessels, favoring a redistribution of blood flow away from skeletal 
muscle and to the heart muscle during hypoxia (49). 

Stimulation of chemoreceptors in the carotid bodies by hypoxia produces 
a neurally mediated group of vascular responses that result in a redistribu- 
tion of blood flow that generally parallels the local vascular effects: there 
is vasoconstriction in skeletal muscle and intestine, either no response or 
vasodilation in the brain, and vasodilation in the coronary vessels. The end 
result, as with the local vascular effects, is a redistribution of blood to the 
heart and the brain, organs with high oxygen requirements (49). 

The extent to which the acute changes in regional blood flow in adult 
animals are relevant to the infant with anemia of prematurity depends on 
(a) whether similar vascular responses occur at early stages of development; 
(b) whether they also occur under mild conditions of hypoxia; and (c) 
whether there is evidence of corresponding changes with more chronic 
hypoxia in premature infants. The first two points have been addressed in 
studies of fetal lambs near term in which radioactively labeled microspheres 
(50) were used to estimate organ blood flow at different levels of fetal 
oxygenation (51). As in a variety of experiments with adult animals, blood 
flow to the brain and heart muscle increased as arterial oxygen content 
decreased; as a consequence, the arterial oxygen supply remained nearly 
constant over a sixfold range in arterial oxygen content. This adaptation in 
blood flow to maintain a uniform oxygen supply was evident even with the 
mildest degrees of hypoxia. Blood flow to the kidney, digestive tract, and 
carcass tended either to remain relatively constant or to increase slightly 
with moderate hypoxia, but presumably not enough to compensate for the 
decrease in oxygen content; with severe hypoxia, there was a pronounced 
decrease in blood flow to all of these organs. These studies indicate that the 
near-term lamb fetus can redistribute blood flow in a manner similar to 
mature animals and that mild degrees of hypoxia can produce these effects. 
Furthermore, the restriction of oxygen supply to the kidney early in the 
course of hypoxia provides a mechanism for increased production of ery- 
thropoietin and increased erythropoiesis in response to hypoxia. 

Although changes in distribution of blood flow are of major importance, 
they are difficult to evaluate in anemic infants. Most studies of the redistri- 
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bution of blood flow with hypoxia have employed invasive techniques that 
cannot be applied to patients. Furthermore, even in the experimental ani- 
mal, we know little about the harmful consequences of chronic hypoxia on 
the growth and function of tissues whose oxygen supply is diminished in 
order to preserve that of the heart and brain. Rather than attempt to 
evaluate altered regional blood flow directly in infants, it may prove more 
practical to detect it indirectly, by the measurement of erythropoietin, 
which is discussed next. 


Erythropoietin in the Neonatal Regulation of Erythropoiesis 


Red cell production is normally regulated by the glycoprotein hormone 
erythropoietin (Ep). The major site of Ep production, activation, or both 
is the kidney. However, the possibility of a different site of production 
during early development is suggested by data in the rat showing a shift 
from hepatic to renal production during the neonatal period (52). The 
amount of Ep produced depends not only on the concentration of hemo- 
globin but also on the affinity of hemoglobin for oxygen (34). Production 
of Ep is decreased in response to transfusion and is increased by anemia or 
hypoxia (53). The target of Ep is the erythroid precursor cell. Moderate 
concentrations of Ep stimulate primarily the proliferation of more mature 
and differentiated erythroid precursors, whereas high concentrations also 
stimulate the division of earlier, less differentiated cells (54). This stimula- 
tion eventually results in a rise in hemoglobin concentration to a level that 
eliminates the hypoxic stimulus and that allows Ep production to decrease 
to baseline rates. 

If premature infants are subject to hypoxia as the hemoglobin concentra- 
tion reaches its nadir, it implies an impairment in the regulation of erythro- 
poiesis. There is no doubt that the fetus and newborn can produce Ep in a 
qualitatively appropriate fashion. Ep activity is detectable in cord blood 
(55), and elevated urinary Ep values are found in premature infants who 
are born anemic or in infants who are small-for-dates as a result of placental 
insufficiency or intrauterine hypoxia (56, 57). There is less information 
about postnatal changes in erythropoietin. Judging from changes in the 
percentage of reticulocytes in the peripheral blood (2) and erythroid precur- 
sors in the bone marrow (2, 23, 24), one would anticipate a marked decrease 
in erythropoietin shortly after birth, followed by a rise in values between 
1 and 3 months after birth, when more active red cell production resumes. 
To some extent, these expectations are supported by experimental data. 
Plasma Ep measured by bioassay could not be detected after a few days of 
age (55, 58), but it became measurable again at 2 and 3 months of age (58). 
A more sensitive radiommunoassay yielded measurable values during early 
infancy in a group of premature infants. High Ep values correlated roughly 
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with low hemoglobin concentration and with low oxygen-unloading capac- 
ity (38). Moreover, at comparable hemoglobin concentrations, infants with 
a low percentage of fetal hemoglobin and decreased oxygen affinity tended 
to have lower Ep values, usually as a result of either exchange or multiple 
replacement transfusion. All of these results indicate a rise in Ep under 
circumstances that would decrease the capacity to deliver oxygen to tissues. 
Thus, a rise in Ep appears to characterize the nadir of the anemia and is 
probably responsible for the subsequent rise in the concentration of hemo- 
globin. fea f 

It is reasonable to attribute a postnatal fall in hemoglobin concentration 
to improved oxygen delivery and a decreased production of Ep. However, 
it is more difficult to explain why hemoglobin falls to values lower in 
premature than in term infants. The possibility that the anemia of 
prematurity is not accompanied by hypoxia has been considered by several 
investigators (6, 9, 59). There is evidence that oxygen consumption (ml 
O,/kg/min) and heat production (kcal/kg/24 hr), measured in a neutral 
thermal environment, are lower in the premature than in the term infant. 
The analogy is drawn to older patients with hypothyroidism in whom 
anemia is also believed to be due to decreased tissue requirements for 
oxygen. However, it is difficult to reconcile this line of reasoning with recent 
reports of a relatively high prevalence of clinical manifestations of hypoxia 
that are reversed by transfusion. An additional explanation for the exagger- 
ation of the anemia is that the erythropoietic response to hypoxia is de- 
creased in the premature infant compared to the older child or adult. This 
might be attributed either to a somewhat impaired production of erythrop- 
oietin or to a lowered responsiveness of erythroid precursor cells to a given 
erythropoietin concentration. 

Previous studies of erythropoietin in premature infants have been ham- 
pered by lack of a practical and reliable assay. The bioassay is cumbersome, 
imprecise, and insensitive; values in the normal and subnormal range can: 
not be accurately measured in most procedures, and sera may contain 
nonspecific stimulators and inhibitors of erythropoiesis (34). Furthermore, 
the large amount of serum required for the assay has discouraged its use 
in studies of infants. Subsequently developed radioimmunoassays had the 
advantage of greater sensitivity but also had serious drawbacks. Ep was not 
sufficiently purified to assure specificity of the assay and in many cases the 
results were inconsistent with biologic activity. Recently, a radioimmunoas- 
say based on a pure antigen has been developed (60). This assay may make 
it easier to determine whether anemia of prematurity is. related to dimin- 
ished production of Ep in response to a given hypoxic stimulus or to 
decreased responsiveness of red cell precursors to a given concentration of 
Ep. 
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Clinical Approaches to Transfusion Therapy 


It can be appreciated from the preceding discussion that the regulation of 
erythropoiesis in the perinatal period is more complex than at any other 
time of life. The lack of specific clinical guidelines for the transfusion of 
premature infants is therefore not surprising. 

Most transfusions for anemia of prematurity are administered in one of 
two situtations. The first, which to some degree represents prophylactic 
treatment, is the common practice of replacing blood after relatively large 
amounts are removed for laboratory studies. Such blood relacement is 
performed in infants who require frequent monitoring of blood gases or in 
whom more than an estimated 5-10% of the blood volume is removed over 
a brief period of time. Fewer blood transfusions are required if blood 
drawing is kept to the minimum required for good clinical management. 
This necessitates the use of microanalytic procedures and the elimination 
of laboratory studies that do not influence treatment. In any case, it is a 
good clinical routine to maintain an accurate record of the amount of blood 
removed. The special considerations that apply to transfusions in infants are 
the subject of a recent review (61). Among these is the use of special routines 
adapted to the administration of small amounts of blood and to the use of 
blood derived from as few donors as possible. 

The second type of transfusion is commonly administered during the 

period when hemoglobin values are at their lowest, between 1 and 3 months 
after birth. In some infants this anemia of prematurity appears to be well 
compensated. Others are reported to develop apnea, tachycardia, poor 
feeding, and slow weight gain, which are reversed by blood transfusion 
(14-16). Ideally, one would like to anticipate such late manifestations of 
hypoxia but also to avoid transfusing infants whose tissues are adequately 
oxygenated despite low hemoglobin values. 
- A blood transfusion, particularly if given solely on the basis of the hemo- 
globin concentration, is likely to be the first of a series. The first transfusion 
will raise the P59 by increasing the concentration of hemoglobin A. This will 
facilitate oxygen delivery and then depress red cell production, which even- 
tually decreases the concentration of hemoglobin. In addition to their mere 
temporary effectiveness, blood transfusions carry additional risks, among 
which are the transmission of hepatitis and cytomegalic inclusion disease 
(62, 63). 

When considering the need for a transfusion, first compare the concentra- 
tion of hemoglobin to age-specific reference values for preterm infants 
(Figure 1). Hemoglobin values normally decrease on the average of about 
1 g/dl/week between 2 and 8 weeks of age (5, 6). Thus, a hemoglobin 
concentration of 9.5 at 2 weeks of age is markedly subnormal, whereas it 
is close to the mean for healthy premature infants 8 weeks after birth. 
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The reticulocyte count is also of value since it helps to anticipate a change 
in hemoglobin concentration. A slight elevation in the reticulocyte count 
in an otherwise healthy infant (Figure 1) suggests that the hemoglobin 
concentration is about to increase spontaneously. However, if the hemo- 
globin concentration does not rise despite an elevated reticulocyte count, 
the possibility of hemolytic disease must be considered; vitamin E defi- 
ciency, residual effects of hemolytic disease of the newborn, and hereditary 
spherocytosis are prominent in the differential diagnosis. 

The infant’s transfusion history is another important factor in interpret- 
ing the hemoglobin concentration. An infant who has had an exchange 
transfusion or has received a large volume of blood in the form of replace- 
ment transfusions will have an increased percentage of hemoglobin A and 
a rise in Psp. As a result of enhanced oxygen release to the tissues, such 
infants appear to equilibrate at a concentration of hemoglobin that averages 
2-3 g/dl less than values in untransfused infants (38). 

In addition to the concentration of hemoglobin, other laboratory tests 
that reflect on oxygen delivery are the Ps itself, or DPG and fetal hemo- 
globin which influence the P59. Recently developed instruments allow the 
measurement of Ps) on a few microliters of blood. The procedure is still 
relatively difficult, but improvements in technology should make the mea- 
` surement of Ps) more practical in intensive care nurseries. At any given 
concentration of hemoglobin, a high Ps) would weigh more against transfu- 
sion than a low one. 

Among the clinical manifestations, a consistent increase over earlier 
baseline values in the heart and respiratory rates suggests the possibility of 
hypoxia. A lower than expected rate of weight gain may also be a manifesta- 
tion of hypoxia (16). Conceivably, the compensatory preservation of oxygen 
delivery to the brain and myocardium in response to hypoxia diminishes the 
supply of oxygen to other tissues; perhaps a decreased rate of growth is part 
of the price paid for this compensation. 


Preventable Components of the Anemia 


Some of the factors that can accentuate the anemia of prematurity are iron 
deficiency, vitamin E deficiency, and frequent blood sampling for laboratory 
studies. Premature infants often have cardiorespiratory problems requiring 
intensive care and repeated monitoring of blood gases and pH. Even with 
micro methods, such studies can remove more than 10% of the blood 
volume within a few days. Recently, methods have been developed for the 
transcutaneous monitoring of oxygen and carbon dioxide (64) and for the 
continuous measurement of oxygen saturation of hemoglobin by an arterial 
catheter oximeter (65). If these methods prove to be of as much clinical 
value as the removal of blood for the direct measurement of blood gases, 
they may drastically decrease the need for replacement transfusion. 
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Iron deficiency is not likely to play a role in the anemia of prematurity 
during the first 2 months of life (5) unless there has been perinatal blood 
loss or unusually large amounts of blood have been removed for laboratory 
studies. After 2 months, iron deficiency anemia is almost certain to develop 
in premature infants unless supplemental iron is administered. The anemia 
is most likely to manifest itself in a failure to increase the hemoglobin 
concentration substantially between 2 and 4 months of age. A dose of iron 
of about 2 mg/kg/day in the form of ferrous sulfate drops or iron-fortified 
formula should be adequate to prevent iron deficiency if started between 2 
weeks and 2 months after birth (5, 66). Recently it was suggested that the 
dose of iron be increased to 4 mg/kg/day between 4 and 12 months of age, 
when iron needs are greatest (29). , 

Vitamin E deficiency, in contrast to iron deficiency, is likely to accentuate 
the anemia of prematurity during the first 2 months after birth. Vitamin E 
deficiency is more severe in infants with a birth weight under 1500 grams 
(67). The deficiency is due to a markedly depressed absorption of this 
fat-soluble vitamin and is spontaneously corrected after 2-3 months of age 
when the absorption of vitamin E improves (68). Lack of the vitamin results 
in a hemolytic anemia that is attributed to oxidative breakdown of the lipids 
in the red cell membrane. Iron functions as a cofactor in lipid peroxidation 
and aggravates hemolysis, particularly when given in large doses (67). The 
risk of hemolysis also depends on the degree of saturation of fatty acids in 
the diet. When the diet is relatively rich in polyunsaturated fatty acids, as 
with many infant formulas, the composition of the lipids in the red cell 
membrane undergoes a corresponding change, and the cell becomes more 
subject to oxidative damage and hemolysis (69). The interaction among 
these three factors—vitamin E deficiency, iron administration, and a diet 
rich in polyunsaturated fatty acids—became evident when small premature 
infants were fed certain iron-fortified proprietary infant formulas. Now that 
the problem has been recognized, vitamin E deficiency can be treated in one 
or more of three ways: (a) iron administration may be delayed (66); (b) a 
bioavailable, water-soluble form of vitamin E can be administered and can 
overcome the malabsorption of the naturally occurring vitamin (70); or 
(c) human milk or a formula comparably rich in saturated fatty acids can 
be fed to small premature infants (69). 


Concluding Comments 


The anemia of prematurity results from a rapid and profound decrease in 
the concentration of hemoglobin that occurs primarily in response to in- 
creased availability of oxygen after birth. This decline is compensated for, 
to varying degrees, by an increased capacity of hemoglobin to unload oxy- 
gen to the tissues. Why the concentration of hemoglobin falls to such 
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extremely low values, particularly in the premature infant, is not under- 
stood, but could be related either to a lack of hypoxic stimulus due to low 
oxygen requirements or to an altered quantitative relationship between 
hypoxia, erythropoietin production, and the concentration of hemoglobin. 
If hypoxia develops, the essential functions of the. heart and brain tend to 
be protected by a redistribution of blood flow, but this adaptation may occur 
at the expense of body growth and organ function. 

Clinical management of the anemia of prematurity first requires a 
familiarity with the normal developmental changes that influence the deliv- 
ery of oxygen. In addition, it is important to prevent those components of 
the anemia that are due to’ excessive blood drawing, iron deficiency, or 
vitamin E deficiency. Nevertheless, in some infants there will be evidence 
of compromised oxygen delivery and a blood transfusion will be indicated. 
Specific laboratory criteria for transfusion remain difficult to establish, but 
both hemoglobin concentration and oxygen affinity must be taken into 
account. In the future, the decision may be facilitated by the clinical appli- 
cation of new instruments that measure the oxygen dissociation curve of 
blood and by the emergence of a better assay for erythropoietin. 

At present, the transfusion policy with respect to the anemia of 
prematurity varies widely and depends to a large degree on how the clini- 
cian views this condition. Viewing the anemia of prematurity as a normal 
developmental process discourages the use of transfusion as a form ‘of 
tampering with a self-limited, physiologic phenomenon. Such conservatism 
is in the best tradition of clinical teaching and is partly a reaction to many 
examples of excessive therapeutic zeal: too much oxygen in premature 
infants leading to retrolental fibroplasia, irradiation of large thymus glands 
resulting in thyroid tumors, etc.. This approach leans toward withholding 
transfusion unless there is a substantial weight of clinical and laboratory 
evidence in its favor; when transfusions are deemed necessary, there may 
also be an effort to administer relatively small amounts of blood so that the 
onset of spontaneous recovery is not delayed by prolonged suppression of 
marrow erythropoietic activity. i 

From an opposing point of view, one could argue that the anemia of 
prematurity is an exaggeration of a physiologic process and that it exists 
primarily by virtue of the recently improved survival of small premature 
infants, which was made possible only by intensive medical intervention. 
This argument is favored by recent studies indicating that clinical features 
of anemia were present in over half of infants who were <32 weeks gesta- 
tional age at birth, and that improved weight gain commonly followed 
transfusion in small premature infants (16). If the results can be confirmed 
under . carefully controlled conditions, it is likely that more and larger 
transfusions will be used in those premature infants of lowest birth weight. 
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At present, in weighing the risks of intervention against potential benefits, 
it seems safest- to steer a middle course. One should be alert to the infant 
whose anemia is poorly compensated, but at the same time it is important 
to avoid the attribution of hypoxia to small clinical perturbations that are 
also characteristic of infants who have no problems with oxygen delivery. 
Fortunately, research in the area of oxygen delivery in the premature con- 
tinues to be active, and firmer clinical guidelines will likely emerge before 
long. 
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INTRODUCTION 


Entamoeba histolytica may cause diarrheal disease, acute or chronic ab- 
dominal or chest pain, cough, dyspnea fever, and weight loss. The potential 
for disease is present whenever one has been exposed to a lack of sewage 
facilities or lived in an endemic area. The clinical spectrum of amebiasis is 
broad, ranging from the asymptomatic passage of cysts through fulminant 
colitis to localized abscesses of the liver, lung, brain, or other tissues (74). 

This brief review will focus on the amebic liver abscess. It includes 
current summaries of the epidemiology, etiology, pathogenesis, manifesta- 
tions, diagnosis, and therapy. © -> 


EPIDEMIOLOGY 


Amebiasis is found worldwide and Entamoeba histolytica is ubiquitous with 
its highest prevalence in the tropical and subtropical zones where sanitation 
is suboptimal. The prevalence in the United States 40 years ago was esti- 
mated at 10% of the population; the present incidence in the United States 
is less than 4% (11, 14, 18, 26). For more than 20 years an average of 3500 
cases of amebiasis a year have been reported to the Center for Disease 
Control (CDC) in Atlanta, Georgia. These data represent information vol- 
untarily submitted and probably underestimate the number of new cases 
each year (38). Investigations by the CDC indicate endemic foci of amebia- 
sis exist in the United States; pockets of disease associated with poor san- 
itation have been reported from Indian reservations, from lower 
socioeconomic areas, and from mental institutions. Other groups at in- 
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creased risk include immigrants and tourists from developing countries. 
The mode of transmission appears to be person-to-person rather than water 
contaminated with sewage containing amebic cysts (6). Venereal transmis- 
sion of amebiasis has been reported and can result in genital, gut, or visceral 
disease (77). 

Liver abscess is the most common extraintestinal manifestation of 
amebiasis. Amebic abscess of the liver has been reported in 3-9% of all 
patients with amebiasis. A preponderance in males is noted, with the highest 
frequency in the 20-50-year age group (6, 12, 19, 36, 52, 62, 66). Reports 
from endemic areas indicate a significant incidence of amebic liver abscess 
in children under three years of age (31, 58). Visitors to tropical areas are 
more likely to develop invasive amebiasis than are permanent residents. 
Although most English and American series do not report racial differences 
(6, 19), in South Africa the blacks rather than the caucasians appear primar- 
ily affected (22, 75). 


ETIOLOGY AND PATHOGENESIS 


Two forms, trophozoites and cysts, of the protozoan parasite Entamoeba 
histolytica are found in stool specimens. The trophozoites are motile, rather 
small (10-20 um) ameboid organisms with a single nucleus and a granular 
cytoplasm. This form is found in both symptomatic intestinal amebiasis 
with mucoid, bloody stools and in asymptomatic amebiasis. The nonmotile 
cyst form is similar in size to the trophozoite but may contain up to four 
nuclei. Infection occurs only with the ingestion of cysts because, unlike 
trophozoites, the cysts are resistant to gastric juice, to chlorine concentra- 
tions commonly used in domestic water purification, to room temperature, 
and to drying. 

Finding trophozoites or cysts in the stool alone is not evidence of active 
disease. The trophozoite that causes invasive amebiasis may also live as a 
harmless commensal in the lumen of the bowel. Occasionally Æ. histolytica 
becomes invasive and causes varying degrees of intestinal, hepatic, and 
other disease. The factors that determine whether ingestion of E. histolytica 
cysts will produce either no infection, a cominensal state, colitis, or other 
invasive disease are very poorly understood. Clinically this is reflected in 
patients with amebic liver abscess where only a minority of patients (16—- 
33%) simultaneously have, or give a history of, active intestinal disease (1, 
2, 4, 17, 19, 62). 


Studies of Invasive Factors 


A virulence-producing amebic-bacteria relationship has been shown in 
guinea pigs. Germ-free guinea pigs infected with Æ. histolytica did not 
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develop invasive intestinal disease unless bacteria were present in the gut 
(54). Workers attempting to determine whether amebal viruses can convert 
the virulence of E. histolytica (46) have not found consistent changes. 
Amebal lytic enzymes were recently suggested as effectors of tissue damage. 
The measurement of the enzyme phosphoglucomutase has been offered as 
a likely laboratory method for distinguishing the pathogenic form, but this 
facet has not yet been completely resolved (60). The association of enzyme 
differences may not be intrinsic to the parasite but may reflect ingested 
bacteria. l 

The existence of two morphogically indistinguishable species might ex- 
plain the presence of disease or the asymptomatic carrier state, as postulated 
by Brumpt half a century ago. He separated E. dysenteriae, a pathogen, 
from E. dispar, a more commonly occurring but harmless commensal (13). 
This view never gained acceptance but it has also never been disproved. The 
discovery of amebic cytotoxicity and of toxins in animal models has proved 
interesting but not altogether satisfying (9, 60). Thus, the nature of the 
trigger mechanism whereby ameba become invasive is still unclear. Host 
operative factors were discussed in a recent study in which susceptibility 
and resistance to E. histolytica could be demonstrated in embryonated eggs 
derived both from outbred heterogenous and from highly inbred chicks 
(32). Eggs from a genetically stable source were relatively constant in the 
distribution of susceptible and resistant embryos. 


Hepatic Invasion 


The latent period between the intestinal infection and the hepatic involve- 
ment is unexplained. The amebae are carried to the liver in the portal 
venous system, but the pathogenetic mechanisms for abscess formation are 
not fully known. The amebae apparently multiply and block small in- 
trahepatic portal radicles, which causes focal infarction of hepatocytes; the 
organisms also produce a proteolytic enzyme that destroys the hepatocytes 
(65). Coalescence of the lesions into an abscess is assumed but not fully 
established. Solitary abscesses are the most common finding and occur 
especially in the right lobe superior-anteriorly, but multiple abscess forma- 
tion of variable size and location in both lobes is not rare. The involvement 
of the left lobe and the presence of multiple abscesses are more common 
when the disease is advanced (19). Left lobe abscesses have the highest 
incidence of rupture especially into the pericardial or pleural sacs (5). 
Abscess cavity size varies from a few centimeters to 20 cm in diameter and 
can contain 1500 ml of fluid material. This material is classically described 
as anchovy paste, odorless and sterile; but it is often chocolate brown and 
bloody and may become secondarily infected, purulent, and gray-creamy in 
color (6). E. histolytica are seldom found in the fluid but their detection is 
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enhanced if one examines the final drops aspirated rather than the initial 
aspirate (19). The amebae are limited to the zone of necrotic tissue sur- 
_ rounding the margin of the abscess and thus only drain from the abscess 
cavity once its volume and pressure decrease with aspiration. Amebic ab- 
scesses usually resolve without significant scarring. 

Whether or not abscess formation is preceded by a phase of amebic 
hepatitis is debatable (23, 41, 43). Recent animal studies showed that six 
days after hepatic passage of E. histolytica the inoculated lobe had lesions 
containing multiple nidi of necrosis; six weeks later these lesions closely 
resembled advanced human amebic hepatic abscesses (43). No “hepatitis 
phase” could be identified. This is consistent with recent human patholog- 
ical estimates (41, 62). 


CLINICAL FEATURES 


Symptoms 
The usual onset and presentation of amebic liver abscess is with malaise and 
abdominal pain combined with hepatomegaly, fever, and weight loss over 
4-30 days. This combination occurred in approximately 75% of cases in 
several series (6, 15, 63). Occasionally, low-grade chronic symptoms for 
months, even years, can be the presenting form (19). This variety is now 
relatively rare in the United States where the index of suspicion for amebia- 
sis is more sensitive (6, 63). In our experience, amoebic liver disease may 
present initially with symptoms very suggestive of a respiratory infection. 
Patients may manifest cough, pleuritic chest pain, and dyspnea; only subse- 
quently does the presence of abdominal symptoms become apparent. On 
occasion, patients may present acutely with symptoms simulating cholecys- 
titis or appendicitis that suggest surgical intervention (37). Hepatomegaly 
in these cases may be the only significant factor suggesting amebiasis. 
Infrequently, presentation occurs at the time of rupture into the peritoneal 
cavity with features of an acute abdomen and shock (41). Rarely, signs of 
hepatic failure with encephalopathy and fever have been a form of initial 
presentation and, in these cases, hepatomegaly is also evident (59). 

The symptoms of the colonic involvement or of an isolated liver abscess 
can become clinically active, more severe, or prolonged by the administra- 
tion of corticosteroids for coexistent disease or by misdiagnosis of the colitic 
symptoms as due to nonspecific inflammatory colitis (70). The abdominal 
pain, usually the first symptom, is frequently described as a dull aching 
sensation, which on occasion has a stabbing characteristic, in the right 
upper quadrant, epigastric, or right lower chest. It was present in 88.6% 
of patients in a large series (19). The pain may increase with respiration or 


PETERS, GITLIN & LIBKE 165 


movement and is classically aggravated by gentle percussion over the liver 
(the “punch tenderness” sign). The pain may radiate to the right shoulder 
or laterally onto the chest wall, presumably depending on the location of 
the abscess in the liver. Left hepatic lobe abscesses may present with pain 
in the epigastrium or the left upper quadrant. Fever is present in 79-94% 
of cases (6, 19, 63). In most cases, the fever is persistent in the range of 
38-39°C. High or spiking fevers are more often evident when the amebic 
abscess is secondarily infected (19, 62). Rigors or chills have been docu- 
mented in approximately 30.4% of cases (12). Recent weight loss (as high 
as 60 pounds in the extreme) over 8—12 weeks has been observed in just over 
half the patients. The average weight loss is 5-20 pounds (6, 19, 62, 63). 
Malaise is prominent, and severe fatigue with almost total anorexia is found 
in many patients. There are conflicting reports regarding the frequency of 
cough and dyspnea. Cough was present in 30% and dyspnea in 11% of one 
series (15), but it was only mentioned as present in other reports (62, 63). 
Pleuritic chest pain occurs with a moderate degree of frequency, 12% of 
cases in one series (62). Diarrhea has been documented in 10-55% of 
patients at the time of presentation (6-15). Not all the diarrhea is of amoebic 
origin (62). Evidence of current amebic infestation of the bowel may be 
obtained by isolating the organism from the stools in 16-33% of cases (19, 
63). 


Physical Findings 
Hepatomegaly is frequently encountered and is easily detectable. Enlarge- 
ment to greater than 10 cm below the right costal margin was recorded in 
.10% of patients with advanced disease (15, 41). Percussion widths have not 
been recorded for large groups, but chest x rays of patients with amebic liver 
abscess have shown elevation of the right diaphragm in 70% of cases (41). 
The liver is generally smooth and diffusely tender. There is often a localized 
area of tenderness, presumably coinciding with an underlying superficial 
abscess, and “punch tenderness” to moderate percussion can be demon- 
strated. The hepatic consistency may be hard, simulating cirrhosis or 
hepatic carcinoma. Splenomegaly was detected in 14% of cases and ascites 
in 10% of cases in a series with advanced amebic liver disease (15). Hepatic 
bruits or friction rub are conspicuous by their absence, but the abscess may. 
point through the abdominal wall in exceptional circumstances. Amoebic 
liver abscess in the cirrhotic liver is rare though both diseases may be very 
common in certain environments (25). 

Jaundice occurs infrequently in amebic liver abscesses. Its presence is 
regarded as an ominous sign and is often associated either with an increased 
mortality (71) or with a large underlying amebic abscess, usually with a 
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diameter in excess of 20 cm (62). Recently, a cholestatic type of jaundice 
was documented in patients with severe amebic liver abscess and, once 
again, this heralded a sinister outcome of the disease process (71). 

Chest examination reveals rales, decreased breath sounds, dullness to 
percussion, and other features of an effusion or occasionally a friction rub 
usually on the right side. In one large series (41) elevation of the right 
diaphragm was present in 70%, pleural thickening in 27%, atelectasis in 
14%, and a pleural effusion in 8% of cases. The findings occur on the left 
when that lobe is involved. Hemoptysis of fresh blood, pus, or anchovy 
paste-like material is seen only in patients with rupture of an abscess into 
the bronchi. 


Progression 


Secondary infection of an amebic abscess was documented in slightly more 

than 20% of patients in two series. Spiking or persistent high fever accom- 

panied by leukocyte count in excess of 20,000/mm should be regarded as 

strongly suggestive of this complication (19, 62). We believe bacterial infec- 

tion must also be considered in all cases of sudden onset, rapid deteriora- 

tion, or delayed response to therapy. The usual invading organisms are 

bowel flora. Pleural cavity extension occurs in 20% of cases (19). Penetra- 

tion into the pleural cavity to produce empyema occurred in 7.9%, lung 

abscess or amebic pneumonitis in 5.6%, and bronchopleural fistula in 2% 

of cases (19, 41, 62). Intraabdominal extension following perforation into 

the peritoneal cavity is usually associated with shock and generalized 

peritonitis; it may be seen in as many as 7% of cases. The outcome of this 

complication varies (19, 41), ranging from uniformly fatal to recovery. This 

variance may be accounted for by the different patient populations. The. 
outcome is poorer for malnourished than for well-nourished individuals. 

Rupture into the colon (41) or biliary tree (37) has been recorded in rare 

cases and so has the gradual development of a walled-off and localized 

subhepatic collection (19). The occurrence of separate coexisting amebic 

abscesses in the lung, brain, and spleen have been documented in cases of 
hepatic amebic abscesses, but these are extremely rare (19). 


Left Hepatic Lobe Abscess 


Left hepatic lobe abscess occurs far less frequently than the right lobe 
counterpart and accounts for only 4-18% of cases (5, 19, 41). Left lobe 
abscesses have a high incidence of rupture and, because of their anatomical 
site, frequently rupture or extend into the pericardial sac or left pleural 
cavity. A left lobe abscess should be strongly suspected if the pain is local- 
ized to the epigastrium or if a tender epigastric mass in present (5). Pericar- 
dial involvement by amebic disease appears to progress through three 
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phases. Initially a “sympathetic effusion” appears when the pericardium 
and diaphragm become involved in an inflammatory reaction extending 
from the superior wall of a left lobe abscess. The second phase is rupture 
into the pericardial sac, and the third and later phase is development of 
constrictive pericarditis often following the successful treatment of frank 
perforation (5, 20, 41). Features that alert one to these complications are 
chest pain, pericardial friction rub, pericardial effusion, or signs of tam- 
ponade. Electrocardiographic changes are those of nonspecific pericarditis 
(20, 41). Drainage of the pericardial sac and the liver abscess, in addition 
to medical drug therapy, are imperative in order to secure a successful 
outcome. A well-timed subsequent pericardiectomy may be necessary (41). 
Early prompt aspiration of all left lobe amebic abscesses as well as medical 
therapy are advocated as a precaution against the pericardial complications. 


DIAGNOSIS 


Hematology and Biochemistry 


Diagnosis will depend on showing structural changes of the liver paren- 

_chyma along with microscopic or serologic evidence of invasive amebic 
disease. Routine laboratory tests are usually nonspecific; the blood count 
may show a variable leukocytosis with white cell counts ranging from 5,000 
to 33,000. One investigator found 18.3% of his patients with less than 9,000, 
34% in a range 9,000—15,000, 37.4% ranging from 15,000-25,000, and 9.5% 
in excess of 25,000 (41). A leukocytosis of greater than 20,000/mm? is 
compatible with amebic liver abscess but should always arouse suspicion of 
either a primary pyogenic abscess or secondary bacterial infection. Mild to 
moderate anemia occurs in about 50% of patients (41, 62, 63). Hemoglobin 
of less than 8 g/dl is unusual (62) and is more likely in cases with longer 
duration of clinical symptoms. Eosinophilia is not a feature of amebic liver 
abscess. A markedly raised erythrocyte sedimentation rate with a mean 
level of 93 mm/hr was reported in a large series (17). Transaminase eleva- 
tion is seen in less than half of the patients presenting with hepatic amebic 
abscesses. The SGOT level ranges between two and six times normal, with 
an average of two times. The SGPT elevation runs parallel to the SGOT. 
Alkaline phosphate was elevated in 69-80% of patients (6, 63) with a range 
of one- to fourfold increases over normal. The serum albumin is decreased 
in most patients, with levels as low as 1.9 g/dl (63). Moderate elevation of 
globulin is also frequently encountered. Bilirubin elevation is modest and 
is usually in the range of 2.5 mg/dl or less (63). There have been reports 
of bilirubin elevated as high as 4-10 mg/dl (62). A high bilirubin makes one 
suspect a complicated amebic abscess, impending hepatic failure (59, 71), 
or an extremely large abscess greater than 20 cm (62). 
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Chest Roentgenogram 


The chest x ray frequently shows elevation of the ere diaphragm (as al- 
ready discussed). Pleural effusion with or without right parenchymatous 
lung densities is also frequently noted (41). Left lobe abscesses may cause 
a pericardial effusion or left pleural cavity reaction (5). 


Demonstration of Structural Liver Defects 


Liver scanning with radioactive colloids has been used to identify space- 
occupying liver lesions. Various types of isotopes have been used including 
198 Au (64), 2°™Tc (35), 31I (29), and '!3In (8); all seem to give satisfactory 
results. The most commonly used agent currently is 9°™Tc sulfurcolloid, 
probably because it gives adequate imaging with the least radioactivity. 
Lesions 2 cm or greater in size can usually be detected. Gallium scans with 
67Ga have demonstrated enhanced uptake of the liver tissue surrounding 
amebic liver abscesses, but the abscess cavities have not shown uptake of 
the radioactive gallium (27). The use of gallium in the detection of amebic 
liver abscesses has not been well studied and the sensitivity of this scanning 
technique has not yet been determined. 

Demonstration of defects by isotope liver scanning doés not distinguish . 
between cystic or solid lesions; the use of ultrasound scanning gives addi- 
tional support to the diagnosis of abscess and it can distinguish defects due 
to tumors. Hepatic amebic abscesses are less echogenic than normal liver 
and distal sonic enhancement is often seen. Over half of the abscesses show 
a homogenous pattern with low level echos. In an ultrasound study by Ralls 
et al (56), 41 of 42 abscesses were contiguous with the capsule. Ultrasound 
localization is also useful as a guide for aspiration of abscess contents. 
Computerized tomography can successfully demonstrate amebic liver ab- 
scess, but its value over other methods is subject to review (42). 


` Demonstration of Organism 


MICROSCOPIC. As already mentioned, stool examination for E. histolytica 
cannot be relied upon for diagnosis of an amebic liver abscess. In addition, 
the finding of cysts or trophozoites in the stool lends support to the clinical 
diagnosis of a hepatic defect as amebic, but does not confirm the diagnosis. 
Aspirates of amebic abscess contents contain trophozoites in 90% of cases 
when the last few milliliters aspirated are examined in a fresh state by 
experienced personnel, but this high rate of positivity is not universally 
reported (21). In. addition to the examination for trophozoites, aspirated 
material should be gram-stained and cultured for aerobic and anaerobic 
bacteria routinely. Though demonstration of trophozoites in abscess con- 
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tents is the best proof of diagnosis, aspiration for diagnosis alone is seldom 
required since serological tests give sufficient evidence of etiology in the 
majority of patients having amebic liver abscess. 


SEROLOGY Indirect hemagglutination (IHA) is a complex test to per- 
form but it is perhaps the most sensitive of the serologic tests available: 
90-95% of patients with amebic liver abscesses have titers of at least 1:128 
and a majority have titers of 1:16,000 or greater. This test also gives positive 
results in patients with amebic colitis without liver defects (especially in 
patients with chronic symptoms) and in a small percentage of patients with 
no demonstrable amebic disease (39, 47, 53, 69). 

Gel diffusion precipitin tests are suitable for single specimen testing THA 
is not). This test is positive in 85-95% of patients with amebic liver abscess, 
but is also positive in 85-95% of patients with other diseases and results 
in up to 10% false positivity in normal blood donors residing in an endemic 
area (33, 40, 44, 53,55). Patients who present soon after onset of symptoms 
may have negative findings on gel diffusion initially, but often convert to 
positive within a few days. 

A latex agglutination test is also available and is simpler and faster than 
the gel diffusion test. It can be performed by relatively inexperienced per- 
sonnel and results can be available within 10 minutes. It was found to give 
positive results in 98% of patients with amebic liver abscess, but was also 
positive in 15% of general medical patients and 5% of blood donors without 
. evidence of amebic disease (48, 49, 50). 

Counterimmunoelectrophoresis (CIE) is positive in more han 90% of 
sera from patients with extraintestinal amebiasis. It can be performed more 
rapidly than the gel diffusion tests and, with the differential reading of 
multiple band patterns, may distinguish patients with active disease from 
those with previous amebic infection (3, 61). 

The cellulose acetate diffusion test is also sensitive and may be performed 
on test material that has been stored for extended periods (67). Complement 
fixation is less sensitive than most other methods of serologic testing. It 
requires considerable expertise and is not suitable for single specimen test- 
ing (33, 40, 68). 


THERAPY 
Medical Therapy 


Medical therapy for amebic liver abscess requires either a single agent, or, 
alternatively, a combination of drugs that will eliminate the extraluminal 
parasites as well as the bowel organisms. 
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Nitroimidazoles, including metronidazole, are effective amebicides 
against intraluminal and extraluminal organisms. Metronidazole is effective 
against amebic liver abscess in over 90% of patients when doses of 750 mg 
three times per day are used. The duration of therapy is somewhat unclear 
but should continue for at least ten days (16, 24). Because of reports of 
relapse with the ten-day therapy, some authorities administer this agent for 
up to three weeks (24, 28, 73). Mild gastrointestinal symptoms, pares- 
thesias, vertigo, ataxia, and leukopenia, have been described with met- 
ronidazole therapy but are reversible. Carcinogenic effects in rodents, 
mutagenic defects in bacteria, and teratogenicity in animals have been 
reported; however, no human carcinogenesis has been reported. The drug 
is available only for oral administration, but an intravenous preparation is 
currently being studied. 

Tinidazole has not been used widely but has actions similar to met- 
ronidazole. The dose is 1.2 g per day for seven days, but for amebic liver 
abscess this dosage has not been firmly established (72). Metronidazole is 
generally available throughout the world whereas tinidazole is not widely 
available and has not been approved for use in the United States. 

Chloroquine phosphate is effective against ameba residing in tissues and 
reaches high concentrations in liver tissue. It is administered gradually in 
a dose of 500 mg twice daily for two days followed by 500 mg each day for 
an additional 2-8 weeks. Patients treated for the more extended periods 
have a response rate of greater than 90% (16). Chloroquine is ineffective 
against intestinal disease. It may cause mild headache, itching, incoordina- 
tion, peripheral neuritis, seizures, diarrhea, and ECG changes in a small 
number of patients. Retinopathy with long-term administration has been 
reported and deafness has been described in children of mothers who have 
taken this medicine during pregnancy. 

Emetine hydrochloride is also an effective agent for extraintestinal 
amebiasis. Use of this agent requires hospitalization and monitoring for 
cardiotoxicity. In large or cumulative doses cardiac failure may result from 
focal necrosis of cardiac muscle. Dihydroemetine is thought to be less 
cardiotoxic but monitoring must still be performed. These agents are given 
in a dose of 1 mg/kg/day intramuscularly or by deep subcutaneous injec- 
tion for 6-8 days. 

Since chloroquine and emetine or dihydroemetine are ineffective against 
intestinal parasites, therapy with these agents must be combined with an 
intraluminal amoebicide. Diiodohydroxyquin (diodoquin) is most effective 
in the asymptomatic-cyst-carrier patients. Optic atrophy and blindness have 
been reported after prolonged use; rashes, gastrointestinal upset, and thy- 
roid enlargement have been described as well (51). The usual dose is 650 
mg three times a day orally for 20 days. Diloxanide furoate (furamide) is 
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active against intestinal Æ. histolytica only in the presence of bacteria. The 
compound is safe and well tolerated with occasional gastrointestinal side 
effects (76). This drug is currently available re through the CDC in the 
United States. 


Aspiration or Drainage 


In some areas of the world, needle aspiration of hepatic amebic abscesses 
is routinely performed along with medical therapy (29); the need for this 
is questionable in view of the available effective pharmacological agents (57, 
64). Medical therapy alone is adequate, especially in patients who are not 
toxic or distressed. Patients who do not respond to medical therapy within 
48-72 hours should be considered candidates for needle aspiration or surgi- 
cal drainage of their abscess (21). In addition, patients with impending 
rupture as evidenced by increasing pleural reaction, progressive diaphrag- 
matic elevation, and increasing liver tenderness and enlargement require 
evacuation of their abscesses. Most investigators feel that patients with left 
lobe abscesses should have early drainage procedures performed in order to 
avoid extension into the pericardial space (33, 45, 72). 

Total resolution time of amebic abscesses, with or without evacuation of 
abscess contents, varies from one to twelve months with the majority show- 
ing resolution by four months (30, 34). The total resolution time, as deter- 
mined by radioisotope scanning, correlates poorly with the initial size of the 
abscess cavity. The persistence of an hepatic defect on scanning after effec- 
tive therapy may not be associated with clinical or chemical evidence of 
liver disease. Therapeutic trials are sometimes useful in substantiating a 
clinical diagnosis of amebic liver abscess. When a therapeutic trial is used, 
chloroquine with or without emetine is preferred to metronidazole since 
patients with anaerobic liver abscesses may also show initial improvement 
with metronidazole therapy (37). 
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Introduction 


The classic approach to human sepsis focuses on the role of various patho- 
logic bacteria and fungi as infectious agents of varying potency. This review 
emphasizes that sepsis is an acquired disease of intermediary metabolism 
induced by infectious agents and producing characteristic patterns of meta- 
bolic and physiologic host responses. ~ 

These fundamental abnormalities in the biochemical processes and hor- 
monal regulations of substrate utilization and oxidative energy generation 
interfere with the normal flux of energetic fuels and metabolic catabolic 
byproducts between muscle, liver, and adipose tissue. These fuel-energy 
deficits result in incomplete catabolism of aromatic amino acids and may 
generate as yet incompletely identified vasoactive substances that induce the 
pathophysiologic peripheral vascular pressure:flow relations characteristic 
of the septic process. In the septic host who retains the capability for a 
heightened sympathetic response, the resultant cardiac inotropic compensa- 
tion to these vascular tone abnormalities appears to be a major factor in the 
development of the septic hyperdynamic state and its consequent pulmo- 
nary perfusion maldistribution abnormality. All of these factors interact 
with the septic-induced alterations in capillary permeability and with the 
energetically induced protein-calorie malnutrition to produce a septic auto- 
cannibalism which alters the balance between protein synthesis and protein 
catabolism. This enhanced protein catabolism and consequent urea synthe- 
sis may also be responsible for the decreased synthesis of reparative and 
immunologic proteins, which characterizes the later stages of the septic 
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response to injury, when a deficit in oxidative metabolism occurs. The septic 
patient then fails to utilize administered nutritional support, experiences a 
sequence of multiple organ failures producing myocardial, hepatic, pulmo- 
nary, and renal failure, and develops anergy and inadequate wound healing. 


Patterns of Response and Classification 


The physiologic and metabolic interrelations in sepsis appear independent 
of the type of infecting bacterial or fungal agent (1).- However, infectious 
organisms of greater pathogenicity and enhanced antibiotic resistance, or 
infections appearing in an already compromised host, are more likely to 
induce the systemic septic response and to carry it on to the stage of 
metabolic decompensation. It is useful to consider the pattern of the physi- 
ologic adaptation to sepsis as an organization of host defenses from whose 
adequacy we may infer, and thus systematically classify, the severity of the 
underlying metabolic abnormalities (2). While this method of classification 
is obviously not the only possible approach to the problem (3-5), it is 
clinically useful since it can be carried out at the bedside with relative ease 
and good quantitative precision. It permits a strong clinical correlation with 
both the nature and magnitude of the observed biochemical abnormalities 
and with the probability of a fatal outcome if not corrected by medical or 
surgical measures. It also allows for the quantification of patient response 
to a therapeutic maneuver in real time and thus permits the effective direc- 
tion of therapy. i 
Quantifying the pattern of physiologic abnormalities seen in the septic 
patient was attempted by Siegel et al (6, 7) and Friedman et al (8) who 
applied principles of statistical pattern recognition to a simultaneous set of 
multivariable physiologic data obtained from patients with various forms 
of shock and critical illness, including patients with sepsis and those with 
nonseptic traumatic injury or cardiogenic decompensation. They developed 
a frame of reference and a metric or scale by which abnormal pathophysi- 
ologic patterns could be discriminated from normal adaptive stress re- 
sponses to injury. The patients’ pattern of response could thus be quantified 
from one time period to the next. The data set used (Figure 1) included 
cardiac index (CI), heart rate (HR), mean arterial pressure (MAP), mean 
right atrial pressure (RAP), systolic ejection time (ET), the arteriovenous 
oxygen difference (A Vo,Dif), and the mixed venous Po, (Vpo.), Pco, (Vp 
CO), and pH (VpH). Two other important parameters of cardiac function 
obtained by analysis of the indicator dilution curve obtained across the 
central circulation (9) were also included. These were the pulmonary disper- 
sive time (td), which is largely a measure of the mean transit time across 
the pulmonary vascular bed and from which a measure of pulmonary blood 
volume (DV/m?) can be obtained (td X CI = DV/m?), and the time 
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constant of washout of dye containing blood from the left heart (tm) from 
which a measure of the mean cardiac ejection fraction (EFx) and the left 
ventricular end-diastolic volume (LVEDV) during the period of CI deter- 
mination can be computed (10). 

From these primary data a frame of reference defined as the state of mean 
normal compensation (R state) for a group of older high-risk patients was 
derived. Each individual patient can be compared to this normal reference 
group by virtue of the standard deviation of each of the physiologic vari- 
ables from the normal R state mean (zero standard deviation). By using a 
statistical clustering technique that grouped together individuals of similar 
physiologic patterns, these workers (6-8) showed that the entire spectrum 
of clinical severity in patients with various forms of trauma, sepsis, or 
cardiogenic critical illness could be viewed in terms of four pathophysi- 
ologic states (A, B, C, and D). The prototypical or mean patient pattern for 
each of these abnormal states can be described by the physiological patterns 
of the multivariable means shown in one of the four patterns in the corners 
of Figure 1. More important, any individual patient at a given time in his 
clinical course can be compared to each of the mean states (R, A, B, C, D). 
Since all physiologic variables have been converted to a common dimension 
(the standard deviation from normal), the patient’s similarity to each state 
can be quantitatively expressed as a “distance” from each of the prototype 
states. Thus the nature and degree of that patient’s physiologic compensa- 
tion can be quantified by his absolute distance from a given state or from 
his distance ratios (D/A, C/B) between states (11). The pattern of changing 
state distances over time provides a quantitative trajectory of recovery by 
which clinical courses can be evaluated and compared with regard to the 
adequacy of their physiologic compensation over time (2). 

In physiologic terms the A state is a normal stress response seen in 
compensated sepsis and after trauma or a major operation. It is character- 
ized by increased heart rate and cardiac index, improved contractility (re- 
duced tm and increased EFx), and increased oxygen consumption index 
(O,CI = AVo,Dif X CI). This sympathetic response adaption occurs with- 
out any evidence of metabolic or respiratory abnormality. The failure to 
achieve an A state response in the presence of a major stress is an abnormal 
response pattern. The B state is also a hyperdynamic state, but it represents 
a more severe stage of deterioration in the septic process. The increased CI 
and other evidences of sympathetic response (TEFx, THR, ET) are at- 
tempts to supply peripheral needs. In spite of this, oxygen consumption is 
reduced because of a narrowed AVo,Dif, which apparently reflects a cellu- 
lar O, extraction failure; a metabolic acidosis always occurs, though it may 
be masked by a compensatory respiratory alkalosis. In the C state, respira- 
tory decompensation is superimposed on the unbalanced septic process seen 
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in the B state, and profound respiratory and metabolic acidosis occurs. In 
contrast to the B and C states, the D, or cardiogenic, state represents a 
pattern of primary myocardial rather than peripheral failure. In this state, 
there is a decrease in myocardial contractile function manifested by a 
prolonged tm and a reduced EF x. The cardiac index falls and the AVo,Dif 
widens as oxygen extraction increases to compensate for the low flow state. 
Unless hypovolemia is also associated with the cardiac failure as may occur 
in postsurgical hemorrhage, the pulmonary blood volume (DV/m7) rises. 
Hypotension and acidosis may occur. While this pattern is characteristic of 
acute myocardial infarction and may occur in post cardiac surgical patients, 
it can also occur as a result of septic myocardial decompensation (Figure 
1), in association with or following a period of profound B state hyperdy- 
namic metabolic insufficiency (2, 10). 


Cardiovascular and Cardiopulmonary Relations 

The classic cardiovascular relationships in sepsis can be interpreted from 
the perspective of the adequacy of the hemodynamic response to the meta- 
bolic needs. Figure 2 shows the relationship between the peripheral vascular 
resistance (TPR) and the cardiac output (CO) for septic and nonseptic 
patients labelled by their nearest physiologic state distance. This figure also 
shows lines of constant cardiac minute work. Normal older patients have 
cardiac output levels of 5-6 liters/min at a TPR range of 1200-1500 dyne 
*sec + cnr? and do a mean cardiac work of about 6 kg «m/min. Hyperdy- 
namic septic patients in A, and especially in B, states have cardiac outputs 
that are generally greater than 8 liters/min and a TPR level of < 1100. This 
level of vascular pressure:flow relationship (vascular tone) is disproportion- 
ately lower than normal and appears to represent the primary physiologic 
vascular lesion in sepsis (12). 

The high cardiac output maintained by septic patients appears to have 
a distinct survival value (3). With this in mind, note that in spite of the 
reduced afterload hyperdynamic septic patients and especially the B state 
EAA A A E E E E A E 
Figure] Circle diagrams of physiologic states. At corners are shown the prototype patterns 
for the A, B, C, and D states. The three large circles in the center are the physiological septic 
patterns manifested by a 44-year-old woman with an infected pancreatic pseudocyst. The real 
values of physiological variables are given together with ‘variable name on each day. The 
perfect circle in the center of each pattern equals zero standard deviations from reference 
control R state. Each dotted line represents one standard deviation from R either increased 
or decreased. Below each patient pattern are the state distance ratios D/A and C/B from the 
state prototypes. The physiologic state classification of this septic patient was A state during 
initial phase of the septic acute respiratory distress syndrome (10:00 am Post Op Day 5), early 
myocardial depression (D state) (9:22 am Post Op Day 6), and B state after inotropic resuscita- 
tion (13:31 pm Post Op Day 6) showing that myocardial depression was associated with A 
to B state transition. (From Reference 10.) 
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unbalanced metabolic responders are forced to perform very large amounts 
of cardiac work, ranging from 10-17 kgM/min (Figure 2)(10), similar to 
that seen in heavy exercise (13). This increased level of cardiac work is 
maintained for days or even weeks as the septic process progresses or 
resolves. This requires very large substrate fuel utilization and energy pro- 
duction. In the hyperdynamic B state septic patients, in whom oxidative 
metabolism appears to be impaired (2, 7), the cardiac work may explain 
nearly 50% of the variability in the total oxygen consumption. With contin- 
uing energy requirements of this magnitude, not surprisingly the incidence 
of occult and overt myocardial depression in sepsis is relatively high and 
D state cardiogenic decompensation is common (Figure 2). 

Cardiogenic decompensation in sepsis is associated with a higher inci- 
dence of death (7, 12). Moreover, as shown in Figure 3, the Starling-Sarnoff ` 
relationships are poorer for D state septics (where they are similar to the 
relations seen in nonseptic cardiogenic shock patients) compared to A and 
B state hyperdynamic septics. Consequently, the use of cardiac inotropic 
support (3, 4, 14) and sometimes vasodilator (15) agents is critically impor- 
tant to survival in these patients. Figure 3 also makes another important 
point. The B state patients with very low vascular resistance and a reduced 
Q,CI are mainly the ones who have the most left-shifted cardiac index to 
LVEDYV ratio, lying at or above the +95% confidence limit for the Starling- 
Sarnoff relations in hyperdynamic septic patients (2). This suggests that the 
great flow increase seen in B state patients is a sympathetically mediated 
compensation to the abnormal vascular tone relationship; this is confirmed 
by the fact that these patients generally have a very large EFx (10). 

The peripheral cardiovascular adaptive response seen in the septic patient 
is mirrored in the cardiopulmonary ventilation:perfusion Vv. a/Qr) relation- 
ships. This is shown in Figure 4, where the mean V4/Qy is shown as a 
function of CI in a group of critically ill patients maintained on continuous 
ventilatory support. The hyperdynamic septic A and B state patients, who 
have the highest levels of CI (> 4 liters/min/m?, where 3 is normal) also 
have the lowest levels of Va/ Qr (<< 0.6, where 0.8 is normal). Indeed the 
patients with the lowest Vv ‘a/Qr are those in the B state of metabolic imbal- 
ance who manifest the lowest TPR (Figure 2) and who have the highest 
CI/LVEDV ratio (Figure 3) (2, 10). Since these patients also have the 
highest pulmonary shunt (Qs/Qy) and the greatest ventilatory dead space 
to tidal volume ratio (Vp/V7), Siegel et al (10) suggested that the initial 
hypoxemia of sepsis results from the passive redistribution of pulmonary 





Figure 2 Relation between cardiac output and total peripheral resistance labelled by physi- 
ologic state classification. Lines of constant cardiac work in kilograms per minute are shown. 
(From Reference 2.) 
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perfusion. This is attributed to the abnormal reduction in vascular tone in 
the presence of a heightened cardiac inotropic response (EFx*). This re- 
duces LVEDV, which in turn reduces LVEDP and thus LAP relative to 
the increase in flow, causing greater perfusion of dependent lung segments 
and underperfusion of the superior lung segments. This is consistent with 
the fact that the early hypoxemia and increased Qs/Qy seen in sepsis occur 
at a time when the lung x ray is clear (10, 16, 17). Only later when septic 
permeability changes (18, 19) does x-ray evidence of microatelectasis and 
consolidation appear in the dependent lung (the posterior segments since 
these patients are generally supine in bed). The therapeutic implications of 
these interrelationships are very great; evidence of hyperdynamic sepsis, 
especially during the A to B state septic transition, mandates careful atten- 
tion to ventilatory support (10). Indeed, early use of intubation and volume 
ventilation with end-expiratory pressure may be necessary to increase the 
markedly reduced V; (Figure 4) and force ventilation into underventilated, 
overperfused lung segments. Also, in the markedly hyperdynamic patient 
with a high EFx and low LVEDYV, cautious infusion of colloid volume to 
expand intravascular volume can raise LVEDV and thus redistribute pul- 
monary perfusion by increasing the V,/Or (10, 20). The initial pulmonary 
insufficiency of sepsis is thus a consequence of the sympathetic compensa- 
tion for the metabolically induced alterations in vascular tone and is also 
a reflection of the physiologic state. 


Physiologic and Metabolic Correlations 

Evidence that the physiologic state is a manifestation of fundamental meta- 
bolic abnormalities has been presented by Siegel et al (2, 11) and others (21, 
22). In particular physiologic patterns reflect a more fundamental set of 
abnormalities in glucose, amino acid, and fat metabolism (2). Figure 5 
shows the patterns of abnormalities in the circulating blood of glucose 
metabolites, branched-chain amino acids (BCAA), aromatic amino acids 
(AAA), amino acids involved in urea synthesis, fat metabolites and ketone 
bodies, and glucose-regulating hormones, as they relate to the abnormalities 
of cardiovascular function and the state distance ratios D/A and C/B. The 
means of sets of observations on three groups of patients (traumatic nonsep- 
tic, septic A state, and septic B state) are compared with regard to the 
magnitude of their standard deviational differences (SD) from the means of 





Figure 3 Relation between cardiac index and left ventricular end-diastolic volume computed 
from stroke volume (SV) and the tm cardiac ejection fraction (EFx) (LVEDV = SV/EF*x). 
Also shown are the mean, the standard error of the mean, and two-standard-deviational spread 
of each of the regression equations for the hyperdynamic (R, A, B) septic patients and the 
cardiogenic nonseptic and septic D state patients. The difference between slopes of the regres- 
sions has significant P < 0.001. (From Reference 2.) 
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a group of control elective general surgical patients in the R state of accom- 
modation (the perfect circle at zero standard deviations). A physiologically 
important alteration seems likely for a mean change of +1 SD from control. 
The nonseptic traumatized patients exhibit a pattern of increased CI and 
OCI associated with reduced circulating levels of BCAA, AAA, and the 
precursors of urea, with normal or slightly elevated levels of urea and 
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glucose. There are also normal triglycerides, free fatty acids (FFA), and 
ketone levels with normal levels of glucose-regulating hormones glucagon 
and insulin. 

In contrast, as sepsis progresses from compensated A state to the unbal- 
anced B state, in which the progressively more abnormal pressure:flow 
relations are associated with a fall in oxygen consumption and a metabolic 
acidosis, one sees a progressive rise in BCAA with a marked increase in the 
levels of the NH3* carrier amino acids alanine and glycine (2, 11, 22). 
Pyruvate and lactate rise proportionately (2), as does the level of circulating 
glucose. All of the amino acids and intermediates of urea synthesis (proline, 
ornithine and arginine, etc) rise as does urea, even without any evidence of 
renal failure (23). However, the most marked abnormalities in amino acid 
metabolism are seen in the increases in aromatic amino acids phenylalanine 
and tyrosine (2, 24). Under these circumstances A. Nespoli et al (unpub- 
lished results) observed an increase in octopamine and phenylethamine. The 
levels of sulfur-containing amino acid, methionine, and its metabolic cata- 
bolic product a-aminobutyric acid also rise (24). Triglycerides rise to ex- 
tremely high levels even though FFA levels remain similar to those seen in 
trauma; there is a progressive elevation in the ratio of reduced to oxidized 
ketone bodies due to a rise in 8-hydroxybutyric acid with normal or low 
levels of acetoacetate (2). The most striking changes from the nonseptic 
traumatic injured patient lie in the distorted pattern of insulin and gluca- 
gon; glucagon levels rise to more than 20 SD above normal in B state sepsis, 
with lesser rises in insulin so that the glucagon to insulin ratio progressively 
increases (2, 24). The mean value for the circulating levels of these hor- 
mones and substrates are shown in Figure 6, which also displays the meta- 
bolic pathways for oxidative catabolism in an idealized hepatocyte. 


Septic Autocannibalism 


As B state progression.occurs, so does the phenomenon of “septic autocan- 
nibalism” (22), which is highly correlated with a fatal outcome. In septic 
autocannibalism, the normal dependence of the circulating levels of many 
amino acids, and especially the BCAA and the NH,* carrier amino acids 
alanine and glycine, on the quantity of exogenously administered amino 
acids is lost. In these mostly B state patients (or A state patients close to 
a B state transformation by state distance ratios), more BCAA and isoleu- 
cine appear over and above that which can be accounted for by the adminis- 
tered nutrition (22). These high “endogenous” BCAA levels occur 
simultaneously with increased levels of AAA, proline, and methionine and 
are correlated with increases in alanine and glycine (22). This suggests 
enhanced muscle catabolic release of protein-derived amino acids at a time 
of increased utilization of BCAA. Such high “endogenous” BCAA levels 
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were not prevented by very large quantities of administered calories and 
amino acids. Moreover, there appears to be differential utilization of BCAA 
under these conditions, with impaired valine and isoleucine utilization but 
increased utilization of leucine (22). This clinical observation is compatible 
with the leucine utilization studies reported by Clowes et al (25) in isolated 
skeletal muscle from septic animals and patients. Differential utilization of 
BCAA under conditions of B state deterioration in which metabolic acido- 
sis occurs may reflect preference for one pathway of BCAA access into the 
Krebs cycle over another, perhaps because of limited availability of a cofac- 
tor such as oxidized NAD*, which plays a critical role in the BCAA 
ketoacid oxidation pathways (26). 


Septic Multiple Organ Failure 
The patterns of nonutilization seen in the B state septic process suggest a 
major pathologic alteration in the normal interorgan regulation of substrate 
and fuel-energy metabolism. Figure 7 outlines a suggested hypothesis for 
the failure mechanisms altering the normal muscle-liver-adipose tissue cycle 
of organ metabolism. In this conceptual model (2), the septic insult initiates 
an as yet unknown factor, which may be kinin related (27), and causes 
protein catabolism in skeletal muscle (21, 28-30). Neuroendocrine response 
is apparently enhanced with increased release of glucagon, corticosteroids, 
and catecholamines (2, 31). The muscle catabolism releases muscle amino 
acids iù quantities proportionate to their concentrations in actin and myosin 
(25, 29, 30). However, the muscle itself can use only BCAA effectively as 
metabolic substrates (21, 32); as sepsis progresses into B state only leucine 
may be fully utilized (22). These BCAA are converted to their respective 
ketoacids, which then enter the Krebs tricarboxcylic acid (TCA) cycle for 
oxidation (Figure 6) (26). The NH;* liberated by ketoacid formation in 
muscle is detoxified by transamination with pyruvate, derived from muscle 
glucose-6-PO, or glycogen, to form the carrier amino acids alanine and 
glycine (33). These carrier amino acids, which are markedly increased in 
sepsis (2, 22), are transported via the blood to liver and kidney where the 
transamination is reversed and alanine plus a-ketoglutarate yields pyruvate 
and glutamate (34). 

In the nonseptic patient the major part of the pyruvate produced by this 
transport mechanism appears to be oxidized via acetyl-CoA to the TCA 





Figure 5 Physiological and metabolic circle diagram for patients with nonseptic major 
trauma, and patients in septic A and B states. The perfect circle at zero standard deviations 
represents the mean values for a control group of general surgical patients in the R state of 
physiological compensation. All other mean lines are normalized by the standard deviation 
of the control group. Data are grouped in terms of appropriate physiological-metabolic func- 
tional interrelations. (From Reference 2.) 
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Figure 6 Metabolic map of known catabolic pathways in liver for amino acids, fat metabo- 
lites, glucose precursors, and precursors for urea synthesis. Values indicate means of physiolog- 
ical study groups. (C equals nonseptic control general surgical patients in R state; T equals 
nonseptic traumatized patients in A or R state; A equals septic A state patients; B equals septic 
B state patients. Cardiovascular parameters for these groups are shown in the right upper 
corner.) Amino acids pmoles/liter, glucose mM/liter, glucagon pg/ml, insulin «U/ml, OCI 
ml/min/m?. (From Reference 2.) 


cycle, and oxygen consumption rises. However, in the septic patient, espe- 
cially as B state sepsis progresses (Figures 5, 6), there is evidence of diver- 
sion of pyruvate into gluconeogenic pathways (Figure 7), with a higher level 
of equilibration with lactate (2)(Figure 6). In the septic liver, a significant 
fraction of the glucose-6-PO, produced by gluconeogenesis is apparently 
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hydrolyzed producing glucose (35), which is then transported via the cir- 
culating blood to the visceral organs and skeletal muscle. This increased 
gluconeogenesis may account for the hyperglycemia seen in sepsis (Figure 


7). 

The nongluconeogenic amino acids liberated by muscle catabolism are 
also transported to the liver and kidney for oxidative catabolism and urea 
synthesis (34). However, as B state sepsis develops there appears to be 
impairment in the complete oxidation of the group of amino acids entering 
into the TCA cycle via glutamate to a-ketoglutarate, perhaps because of 
inhibition of glutamate dehydrogenase (GDH). Consequently, proline and 
the related ureagenic precursor amino acids increase (23), even though urea 
synthesis is also increased—this accounts for the uremia of sepsis. In the 
specific case of the AAA tyrosine and phenylalanine the impairment to 
oxidative catabolism is very great. Not only do the circulating levels of these 
substances rise (2, 24, 30), but there is evidence that false neurotransmitter 
byproducts, such as octopamine (Nespoli, unpublished observations) also 
rise and this may account for the close relationship of the abnormal vascular 
tone and V4/Qr abnormalities to the rise in AAA (2). 

The abnormalities of function in the third major organ of substrate fuel 
production, adipose tissue (Figure 7), appear to be correlated with the 
pathophysiologically increased levels of glucagon and may also be modu- 
lated by the rise in corticosteroids and catecholamines. The net result is 
increased peripheral lipolysis and the hypertriglyceridemia of sepsis. Since 
FFA and glycerol levels are not increased above those seen in nonseptic 
trauma, increased triglyceride breakdown into these two byproducts is 
likely occurring, with enhanced utilization but incomplete oxidation since 
O,CI falls. Glycerol seems to be a significant gluconeogenic precursor in the 
septic patient (36) and FFA, especially the carnitine-dependent long-chain 
components, may be converted to the acyl-FFA-CoA form. A distortion of 
the normal mechanisms may explain the peculiar manifestations of the B 
state septic process in which oxidative metabolism decreases as various 
catabolic breakdown products and energetic fuel substrates increase in the 
plasma. The hepatic aspect could occur by virtue of the known inhibitory 
and stimulatory actions of long-chain FFA acting through the medium of 
acyl-FFA-CoA esters (37) in the presence of the increased gluconeogenic 
precursors alanine, pyruvate, lactate, and glycerol. These may be modulated 
by the peripheral protein catabolic, gluconeogenic and lipolytic actions of 
the elevated glucagon levels (38-40). The inhibitory action of these acyl- 
FFA-CoA esters on hepatic pyruvate dehydrogenase (PDH)(37), which 
would reduce pyruvate entry into the TCA cycle, and the concomitant 
stimulation of pyruvate carboxylase activity (41), which initiates gluconeo- 
genesis, would make glucose synthesis dependent on the concentration of 
pyruvate, which is increased as B state sepsis develops (2)(Figure 6). The 


SIEGEL 


190 


+00 4Udl 





SISdIS Jo BIVLS 8 OIWVNAGHAdAH Jo ISNVƏŻ ANSSIL 3S0diav 
CY YIU On ag SHUALINSNVELOUNAN ISTA Tee nA, 





LACTIC ACIDEMIA 
OF SEPSIS 





pwsriogwivo ..- E)N 
asin 2 Ch ae . 
#SIS3HINAS FSL + ns 
NIBLOUd Q a DS aay EL ote a oes on 
sisas, Od AHNODVINIÐ Yaa von 


siomia onou Snin SISdIS AVIS & SINVNAGYAdAH NI 





40 HOIMIGEW OLAS NMONANO JIG ADYINI -TINA ONOYLIN 






CIRCULATION AND METABOLISM IN SEPSIS 191 


increased glucagon levels may also be responsible for the enhanced 
gluconeogenesis by stimulating the second key gluconeogenic step, the con- 
version of pyruvate and oxaloacetate to phosphoenolpyruvate (40). This 
enhances the gluconeogenesis from alanine (39), which is also increased in 
sepsis by virtue of enhanced BCAA utilization in peripheral muscle. In 
addition, these acyl-FFA-CoA esters inhibit adenine nucleotide translocase 
(ADP-tr) in mitochondria and act as regulators for conversion of acetyl- 
CoA into AcAc, which is then reduced to 8-hydroxybutyrate (BOHB) 
rather than into citrate formation and oxidation via the TCA cycle (37). 

Other important effects of long-chain acyl-FFA-CoA esters are the inbi- 
bition of the malate-aspartate shuttle and the related transport of Ht ions 
across the mitochondrial membrane resulting in a decreased mitochondrial 
redox potential (37). Also, the increased level of lactate in the presence of 
lactate dehydrogenase may influence H+ availability in the cytoplasmic 
portion of the cell (42). This would produce intracellular and intramito- 
chondrial acidosis and a tendency to saturate the nicotinamide adenine 
dinucleotide hydrogen acceptor, so that NADH rather than NAD* would 
occur in preponderance (42). The lack of a hydrogen acceptor in the pres- 
ence of a reduced redox potential may be responsible for the lack of oxida- 
tion of BOHB to acetoacetate (AcAc) seen in the septic process, and may 
account for the rising BOHB/AcAc ratio (2). In addition, many of the 
critical enzymes in amino acid catabolism depend on NAD s NADH or 
NADP s NADPH (26), especially glutamate dehydrogenase (GDH) as 
well as key enzyme systems for the oxidation of leucine, isoleucine, valine, 
and tryptophane. This may well account for the generalized impairment in 
amino acid metabolism that occurs late in the B state, where all amino acid 
levels, including BCAA, rise as a preterminal event (2, 22). All of these 
factors would tend to reduce the amount of substrate entering the tricarbox- 
cylic acid (TCA) cycle. The expected fall in oxygen consumption and CO, 
production appear to occur as the A to B state septic transition develops (2). 

An additional critical consideration in the septic process is this: when 
oxidative metabolism and therefore ATP synthesis are declining, two pro- 
cesses that are extremely competitive for hepatic ATP, namely, urea synthe- 
sis and gluconeogenesis (34), are increasing. At the reduced level of oxygen 
consumption in the septic B state patient, it is possible that a major fraction 
of the already diminished ATP produced is being diverted into these two 
synthetic cycles rather than supporting other catabolic metabolic pathways 
and protein synthesis, which are also energy dependent. Indeed, the synthe- 
sis of acute phase proteins and immunologic proteins decreases and skin test 





Figure 7 Diagram of multiple organ fuel-energy deficit in B state sepsis. 
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hypersensitivity is reduced even to the point of complete anergy in B state 
sepsis (F. B. Cerra et al, unpublished observations). 

Another possible consequence of the increased gluconeogenesis at a time 
when pyruvate access to oxidative metabolism through acetyl-CoA appears 
inhibited is the production of a futile cycle in which pyruvate is synthesized 
to fructose-6-PO, through the gluconeogenic pathway and then returned by 
glycolysis to pyruvate without oxidation (43). This process is extremely 
wasteful of ATP, produces increased heat and net reduction in energy, and 
may be related to the body hyperthermia characteristic of sepsis. Another 
possible futile cycle is the diversion of acetyl-CoA away from citrate into 
acetoacetate and then into 6-hydroxybutyrate (37). Since B-hydroxybuty- 
rate appears not to be oxidized to acetoacetate, hepatic lipogenesis may tend 
to increase with a net diversion of acetyl-CoA into resynthesis of FFA and 
triglycerides rather than into fat oxidation. This may account for the his- 
tologic fatty degeneration seen in the livers of nonsurviving patients with 
severe sepsis. This concept is also supported by clinical observations that 
when the B state septic patient dies there is evidence of marked muscle 
catabolism, with wasting of all skeletal muscle, at a time when peripheral 
adipose tissue fat deposits remain prominent and there is marked hepatic 
fat deposition. 


Conclusion 


None of these subcellular enzymatic inhibitory functions have been proven — 
in septic patients by biochemical analysis of human liver and skeletal muscle 
or by tracer studies of labelled compounds. However, the likelihood that 
sepsis is a disease of disordered metabolic control seems high and this 
realization should stimulate more productive investigations into the sub- 
strate utilization and energy regulation mechanisms in these conditions. It 
also seems likely that the selective utilization of metabolic fuels whose 
metabolic pathways are less inhibited by sepsis may permit key energetic 
processes to continue thus facilitating protein synthesis rather than catabol- 
ism. The close correlation between the biochemical evidence of disordered 
metabolism and the cardiovascular and pulmonary physiologic dysfunction 
suggests that the two are intimately related, perhaps through the production 
of vasoactive false transmitters that induce the fall in vascular tone. The 
correlate is that in addition to standard antibiotic therapy and surgical 
drainage of septic processes, efforts at cardiac and respiratory support are 
critical to immediate survival of the septic patient, while the fundamental 
defects in intermediary metabolism and energy production are being treated 
by nutritional support measures that address the specific biochemical de- 
fects of septic multiple organ failure. 
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TREATMENT OF SICKLE #7391 
CELL ANEMIA’ 


Samuel Charache, M.D. 


Departments of Medicine and Laboratory Medicine, Johns Hopkins 
Medical Institutions, Baltimore, Maryland 21205 


INTRODUCTION 


_ To date, controlled trials of treatment for sickle cell anemia have shown 
only that proposed therapies were ineffective. Treatments used by experi- 
enced clinicians have common elements, but no regimen could be called 
“outstanding” or even “successful.” There are some very effective tech- 
niques that do work; they are common to all chronic diseases and include: 
(a) attention to complications that can be treated, (b) manipulation of the 
patient’s environment, (c) “laying-on of hands,” and (d) kindness. They are 
perhaps the most important modes of therapy in this disease, but only the 
first is discussed here. 


TREATMENT OF VASO-OCCLUSIVE CRISES 


Analgesia, Oxygen, and Intravenous Fluids 


According to pharmacology texts (1, 2), 80-100 mg of meperidine given 
subcutaneously are equivalent to 10 mg of morphine, and the analgesia they 
produce lasts 2-4 hr (Table 1). The effects of 10 mg of morphine last 4-5 
hr, as do those of oxycodone, while the analgesic effect of methadone lasts 
3-5 hr. Morphine is poorly absorbed by mouth, meperidine is better, and 
codeine, oxycodone, and methadone are better still. 

Oxygen is often administered to patients having painful crises, even 
though hyperbaric oxygenation has been shown to be ineffective in relieving 
pain. (3) There is little therapeutic advantage if the arterial Po, is raised 
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Table 1 Pharmacology of commonly used narcotics 














Parenteral Duration of Efficacy of 
Drug Trade name dose (mg) action (hr) oral administration 
Morphine = 10 4-5 1/6~1/15 
Hydromorphone Dilaudid® 1.5 ; 4-5 Ys. 
Oxycodone Percodan® ` 10-15 4-5 1/2-1/3 
Meperidine Demerol® 80-100 2-4 1/4 
Pentazocine Talwin® 30-50 3-5 ; 1/3-1/5 
Propoxyphene Darvon® (180-240) 4? — 
Codeine — (120) 1/2-1/3 
Methadone Dolophine® 7.5-10 3-5 2/5 





from 80 to 100 mm Hg, and administration of oxygen by face mask or nasal 
“prongs” can be quite uncomfortable. If the Po, is initially low (<75 mm 
Hg) because of shunting or perfusion of nonventilated lung, the situation 
is different because generalized sickling can occur. In this case, oxygen 
therapy must be vigorous, and the Po, must be nechecked to see:what has 
been accomplished. 

Most patients are given intravenous fluids to.maintain hydration—even 
though they can and will drink fluids by mouth. Although more nursing 
care is needed to get patients to drink juice or carbonated beverages, preser- 
vation of veins for the future is effort well spent. 


Addiction Hazards 


Any narcotic can be addicting, but drugs like codeine and pentazocine 
(Talwin®) are perhaps safer than others because of the unpleasant side 
effects they produce if taken in large quantities. When instances of recog- 
nized narcotic abuse are tabulated, the addiction hazard of meperidine 
appears to be considerably less than that of propoxyphene (4)..Since drug- 
seeking is learned behavior, the physician must control the dose and time 
of administration of narcotics (5) rather than givé the patient the opportu- 
nity to seek the drug and have that behavior rewarded. There are some 
addicted sicklers; in my experience they all became addicted outside the 
hospital, and most admit that they are addicted. We give them a dose of 
meperidine (50-75 mg every 4 hours by injection) that would be effective 
in a nontolerant patient, but no more, and give them no narcotics to use 
at home. 


Adjuvant Drugs 

Hydroxyzine and phenergan are popular with our housestaff, for they are 
thought to potentiate narcotics. There is little evidence that they do so (6), 
but they are sedatives and.they do keep patients quiet (although that is not 
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the stated purpose). If patients are angry, agitated, or frightened, they 
should be sedated. Chlorpromazine is very effective in some patients, but 
so are soothing words if the physician can spare the time. 


ACUTE COMPLICATIONS OF SICKLE CELL 
ANEMIA 


Sickle Cell Lung Disease 


This condition, characterized by fever, pleuritic pain, lung infiltrates, and 
often hypoxemia, is not uncommon in adults (7). Sputum cultures usually 
yield Hemophilus species, if any potential pathogen is found, and one is 
never sure whether he is treating infection or infarction. Nevertheless, if the 
patient is. seriously ill, it would seem wise to administer ampicillin or a 
similar antibiotic. 

Since hypoxemia produced by the lung lesion can lead to further sickling, 
it is important to monitor the arterial Po). If it is less than 75 mm Hg and 
does not rise into the normal range with oxygen therapy, partial exchange 
transfusion should be done promptly. Patients with advancing disease 
should have the Po, monitored very closely, and vigorous measures (intuba- 
tion, positive end-expiratory pressure, etc) should be instituted if the situa- 
tion deteriorates. 

In children the situation is different, and fulminant pneumococcal infec- 
tions are a real threat. Patients may appear only mildly ill, but die shortly 
- thereafter if an appropriate antibiotic is not given. Prevention by means of 
polyvalent pneumococcal vaccine is moderately useful in children (8, 9); we 
have not given it to many of our adult patients since pneumococcal infec- 
tions are uncommon in them, and some patients develop frightening fever 
and local reaction in response to vaccine injection (10). Prophylactic peni- 
cillin therapy carries with it the risk of resistant bacteria (11) but is used 
by some experienced clinicians. 


. Stroke 


In children, stroke is usually due to occlusion of a large cerebral vessel, 
perhaps because vasa-vasora were occluded earlier (12). In adults, sub- 
arachnoid hemorrhage is more common (13). Partial exchange transfusion 
should be carried out before arteriograms are done (14), and oxygenation 
must be maintained. Children often survive, and probably should be main- 
tained with chronic transfusion therapy for several years (15). Since recov- 
ery can occur (16), therapy should be aggressive. 


Right Upper Quadrant Syndrome 


An acutely ill patient with right upper quadrant pain, fever, and increased 
jaundice may have acute cholecystitis, extrahepatic biliary tract obstruc- 
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Table 2 Procedure for a partial exchange transfusion 














1. Use at least a #16 needle connected to a blood bag via an extension tube and a tube 
with a bayonet adapter. Do not remove any blood until one unit of donor cells is on 
hand. Have 1000 cc of normal saline solution ready for infusion. 

2. Remove 500 ml of blood. Inexperienced phlebotomists should ask the Blood Bank 
what a filled blood bag looks like, and a scale can be used (1 ml of blood weighs 
about 1.06 g). In emergency situations, blood can be “pulled” out and “pushed” in 
through a jugular or femoral venous catheter. 

3. Infuse 500 ml of saline. 

4. Remove a second 500 ml of blood. Save both units—they are valuable reagents for 
those studying sickle cells. 

5. Infuse 5 units of packed red cells as fast as they will flow without prior dilution. 

6. In extremely urgent situations, use a #14 needle, pull the blood out with a 50-ml sy- 
ringe, and push in the normal cells (or use a pressure apparatus). Since rapid infusion 
of 1000 cc'of red cells at 4°C produces severe shaking chills, pre-warm the blood. 

7. See text if the starting hematocrit is >27%. 

8. If a cell separator is available and the extra expense can be justified, elegant exchange 
transfusions can be performed with little risk. 





a For a 50-kg adult with Hct 20-27%. 
DAE-2—Fenwal Corporation. 


tion, viral hepatitis, or one or more infarcts due to sickling in the liver (17, 
18). Patients with chronic hemolytic anemia, and consequent increased 
formation of bilirubin, can develop spectacular degrees of jaundice when 
things go wrong in and around the liver; unfortunately, the bilirubin level 
per se does not differentiate between “surgical” and “nonsurgical” jaundice. 
Close medical and surgical co-operation is essential in managing these 
patients—some improve abruptly (by passing a stone?); in others, prompt 
surgery seems the least of several evils. Perhaps the most important thing 
for all to remember is that sickle cell infarcts and hepatitis can completely 
mimic biliary tract disease, and one must move cautiously. 

One solution to the problem would be to remove asymptomatic gall 
stones as soon as they are detected. Many surgeons think that is a fine idea 
(19), and the risk of elective surgery is not great, but the risk from the stones 
may be less. I recommend cholecystectomy whenever symptoms become 
suggestive, but not before. 


Partial Exchange Transfusion 


It is probably good to do a partial exchange transfusion before general 
anesthesia, or whenever an acute situation is deteriorating. The technique 
outlined in Table 2 is designed for an adult of about 50 kg whose hematocrit 
is 20-27%. If the hematocrit is above 27%, prior removal of another 500 
ml of blood (usually the night before the exchange) is recommended. In 
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patients with Hb SC disease, with hematocrits well over 27%, removal of 
several units beforehand may be necessary; if the patient is kept in bed, and 
his blood volume replenished, a phlebotomy of 1000 cc is usually well 
tolerated. Whatever technique is used, the proportion of sickle cells 
(or Hb S) should be checked after transfusion, and additional normal red 
cells given if it is <50%. 


“Female Troubles” l 


CONTRACEPTION There is no clear evidence whether the hazards of the 
“mini-pill” exceed the hazards of pregnancy. These pills may be safer and 
more efficacious than IUDs, but I prefer one of the latter if it can be 
tolerated. Both pills and IUDs are preferable to barrier and rhythm meth- 
ods (which have been outstanding failures in my young patients). 


PREGNANCY When a patient becomes pregnant, and wants the baby, she 
is followed closely in “High Risk” clinic. Although all pregnant sicklers are 
transfused prophylactically in some clinics (20-23), my criteria for transfu- 
sion are (a) increased severity of anemia with symptoms, or (b) a change 
in the severity or frequency of crises. The first situation is rare, since patients 
adapt remarkably well. The second situation does occur: a previously symp- 
tom-free patient gets severe bone pain, or a patient who has occasional bone 
pain gets “pneumonia.” f 

When we transfuse, we aim for >50% normal cells and give additional 
two-unit transfusions approximately every four weeks until delivery, to 
maintain that level. If transfusion is for anemia alone, we usually administer 
only two units of packed cells. 

Normal delivery should be done without inhalation anesthesia. If Ca- 
eserean section is required, spinal anesthesia would seem preferable, but 
venous stasis in the legs attendant upon paralysis of sympathetic nerves 
could present a problem. If inhalation anesthesia seems necessary after a 
dialogue with an experienced anesthesiologist, partial exchange transfu- 
sion should be done. In emergency situations, the transfusions can be 
done in a few hours; fetal monitoring during the procedure is probably 
important. 


ABORTION The possibility of abortion is gently suggested to any sickler 
who becomes pregnant, but is not recommended unless the patient is dubi- 
ous about continuing the pregnancy; the risks of pregnancy are high enough 
that only desired gestations should continue. All our young women are 
advised to consult us early if they think they’re pregnant; that makes 
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subsequent matters easier. During abortion, anesthesia or heavy sedation 
should be avoided. Using suction curettage in pregnancies of <14 weeks 
duration, we have encountered no problems with intravenous administra- 
tion of meperidine. Because of the slight (but present) danger of respiratory 
arrest, I ask that an anesthesiologist be nearby until abortion is completed. 
We do not transfuse such patients; thus far, there havé been remarkably few 
problems. In 16-22 week pregnancies, abortion is accomplished by injecting 
urea and prostaglandin F2 into the uterus. Usually analgesic requirements 
are not great; if pain relief is necessary, respiratory depression must be 
avoided. 


CHRONIC COMPLICATIONS 
Ankle Ulcers 


Nearly complete bed rest remains the most effective, if least practical, 
method of treatment. Patients usually cannot stay in bed at home, and may 
require hospitalization—only to have the ulcer break down shortly after 
discharge. Some patients are helped by Unna boots; most do as well with 
frequent dressing changes. Wet-to-dry dressings with Burrow’s solution 
provide gentle debridement, and may be better than more “surgical” re- 
moval of necrotic debris. I teach the patient (and sometimes the nurse!) how 
the dressings should be done, and then have the patient change them himself 
every two hours while awake whether at home or in the hospital. Topical 
antibiotics treat the doctor more than the patient; if there are signs of acute 
spreading infection (fever, lymphangitis, tender nodes) systemic drugs 
should be used. 


Subacute Bone Disease 


Most patients have pain in their bones during “‘vaso-occlusive” crises, and 
it is perhaps surprising that they do not have more orthopedic disability. 
Subacute problems range from the “hand-foot” syndrome seen in infants to 
joint effusions (24) and osteomyelitis. Bone marrow scans (25) have not 
been useful, particularly because one never knows how old the lesions are 
unless a prior scan was performed. Infection must be sought with vigor and 
treated as in other patients. 

Peculiar lesions resembling erythema nodosum may develop on the shins; 
they are hot and painful but are not, in my experience, due to infection. 
They resolve spontaneously perhaps more quickly if the patient stays off his 
feet and applies hot compresses. The underlying periosteum is not elevated; 
I think they may be an adult equivalent of sickle cell dactylitis. 
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A variety of orthopedic procedures are available for treatment of aseptic 
necrosis of the femoral head (26). In recent years, we have avoided surgery 
until patients are unable to remain ambulatory on crutches; then we 
perform total hip replacement. Results range from outstanding to fair, 
but all patients are now able to walk either unaided or with a cane, and 
we have not yet experienced the disturbing complications described by 
others (27). 


Retinopathy 

Sickle retinopathy has received increasing attention in recent years, and an 
excellent recent review is available (28). As with many complications, eye 
problems become more prevalent as patients get older (29); but in contrast 
to the usual situation, morbidity is higher in Hb SC disease than in sickle 
cell anemia (30). 

Feeder vessels to neovascular “‘sea fans” can be visualized by fluorescein 
angiography. They are usually occluded by xenon arc or argon laser 
photocoagulation, but diathermy or cryopexy is also used. Treatment can 
be followed by vitreous hemorrhage, ischemia of the peripheral retina, and 
formation of new neovascularizations (31). If retinal detachment occurs, 
scleral buckling can sometimes arrest the process. Partial exchange transfu- 
sion is probably more clearly indicated in eye surgery than in most other 
operative procedures (32). 


Renal Disease 


In general. renal hematuria stops spontaneously within a few days, and any 
treatment instituted is given credit for success. Lavage of the renal pelvis 
with silver nitrate, infusion of bicarbonate or distilled water, and adminis- 
tration of diuretics have all been advocated, and none has been consistently 
effective. Inhibition of urokinase by epsilon-amino-caproic acid (EACA) 
may lead to formation of clots in the ureter rather than cessation of bleed- 
ing. We always force fluids (to prevent clotting in the ureter), give iron 
(unless the patient is iron-loaded), and try to reassure him that he will not 
bleed to death. Such reassurance obviously cannot be given until the physi- 
cian is sure the patient does not have a pyogenic or granulomatous infection, 
or cancer. Since hematuria tends to recur, the workup for such conditions 
need not be as thorough during later episodes. 

Hyperuricemia is not infrequent in sicklers (33), and may be best left 
untreated (34). Some patients develop secondary gouty arthritis; colchicine 
and indomethacin are helpful in the acute attack and probenecid can be 
used: to increase urate excretion. I have not used allopurinol because of its 
potential toxicity (35), but it might be of value in some patients. 
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PREVENTION OF VASO-OCCLUSIVE CRISES 


Chronic Transfusion Therapy 


In severly incapacitated patients one may wish to continue transfusions for 
months or years—if the patient’s veins are adequate. Our attempts to create 
“new” veins by construction of internal arteriovenous fistulas have been 
miserable failures—probably because we waited until no veins were left for 
the surgeon to use. On a chronic transfusion program, patients must be 
made aware of their own responsibility to make and keep appointments for 
out-patient transfusion. They must also be made aware of the risks of 
chronic transfusion, which include hepatitis, mismatched blood, allosensiti- 
zation, and iron overload. If the patient is an “antibody-former,” and makes 
several antibodies, later transfusions may be impossible, even when urgently 
needed (36). Allosensitization often becomes manifest as a delayed transfu- 
sion reaction. When one occurs, measurements of the % hemoglobin S in 
the blood provides evidence that only transfused cells were hemolysed. 
Unless patients have symptoms of air hunger or angina, no attempt should 
be made to transfuse them, since their marrows usually respond to the stress 
promptly. 

Iron overload-is much less of a problem in sicklers than in patients with 
thalassemia. I have encountered two patients with questionable transfu- 
sional hemochromatosis (our autopsy files contain a few more), and clear- 
cut findings have been described in at least one other patient (37). Removal 
of one unit of blood at each transfusion slows the rate of iron accumulation, 
and subcutaneous infusions of desferioxamine may be useful in well- 
motivated patients (38). If patients on chronic transfusion programs are 
receiving intravenous fluids for any reason, it would seem wise to include 
large amounts of the drug in the IV fluid (39). Ascorbic acid supplementa- 
tion increases iron excretion, but carries risks that may rule against. its use 
(40). Strong tea (without milk) (41) may serve to decrease absorption of 
food iron in transfused patients. 


Lowering the MCHC 


Since sickling depends upon the intracellular hemoglobin concentration 
(41), Lincoln et al (42) suggested that a lowered MCHC might be beneficial, 
and Guy et al (43, 44) tried it by infusing hypotonic NaCl. More recently, 
Rosa and his coworkers (45) induced red cell swelling by lowering serum 
sodium to 120 meq/liter. Preliminary results were encouraging, but it is not 
clear that such treatment would be. effective in the clinic, and there has been 
no controlled trial, at least so far. 
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Chemotherapy 


In a récent comprehensive work, Dean & Schechter (46) reviewed potential 
chemotherapeutic agents (46). A few new agents have been proposed since 
then (47-49), but there have been no startling discoveries. 
In general, proposed agents can be divided into covalent and nocovalent 
` modifiers of hemoglobin S. Covalent modifiers are those that bind (more 
or less) irreversibly to hemoglobin; non-convalent agents are bound rever- 
sibly. Sodium cyanate (50) is a covalent modifier; urea (51) and carbon 
monoxide (52) are noncovalent agents. Agents of the former type seem a 
` more practical form of treatment since they could be administered in- 
termittently. 

My own experience with cyanate makes me dubious that any agent which 
must be given systemically will be so specific in its targeting that it will 
modify only hemoglobin and no other important protein. Even a little 
change in a tissue that turns over slowly, like lens or nerve, could eventually 
have devastating effects. On the other hand, extracorporeal treatment of red 
cells with a covalently bound agent might really work. Tests of an extracor- 
poreal carbamylator are (at last) in progress, and the prototype could be 
fairly easily modified for use with other agents (53). It is not clear whether 
such machines will ever be generally available because of their cost. 


For the Future 


Bone marrow transplantation, of necessity not from an identical twin, 
would probably do more harm than good. Injection of 8 genes into red cell 
precursors might have almost the same risk, since a significant portion of 
the patient’s unaltered erythroid precursors would have to be ablated. A 
more acceptable approach would involve administering a drug or hormone 
that “switched” hemoglobin symthesis back to production of hemoglobin 
F (54). No effective agent has been proposed, and some but not all (55) 
recent evidence suggests that substantial amounts of fetal hemoglobin 
would be needed. 


CONCLUSION 


Sickle cell disease (as contrasted to sickle cell crises) could be prevented if 
conception and birth of new patients were prevented. Effective and cheap 
ways are available to diagnose the carrier state, hordes of counselors have 
been trained by federal programs, and elegant prenatal diagnosis is becom- 
ing more available. But it seems unlikely that such programs will have more 
than a minor effect in preventing sickle cell disease. If prospective parents 
seek genetic counseling, the physician must anticipate their “need to know,” 
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and their ability to assimilate information. Data should be given slowly and 
carefully, for emotionally involved couples may not hear what we are 
saying. It is incumbent upon us to go over or around the barriers and teach 
them enough so they can make their own decisions. 
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INTRODUCTION 


The outlook for children with acute lymphocytic leukemia (ALL) must be 
viewed from the perspective of history and a critical assessment of current 
therapeutic efficacy. Modern treatment of ALL began with the discovery 
and successful use of aminopterin by Dr. Sidney Farber and his colleagues 
after the second world war. This was followed over the next 15 years by the 
introduction of a series of effective agents—corticosteroids, mercaptopu- 
rine, and vincristine. Discovery and application of new and effective agents 
has continued, but at a far less spectacular pace. Of the established major 
agents, only asparaginase and the anthracyclines were discovered after 
1960. The effective use of combinations of agents began in the late 1950s 
with the establishment of standards of therapeutic response and of specific 
experimental designs to test a variety of simultaneous and sequential drug 
combinations. This era also has seen the introduction of two critical new 
approaches—the determined aim for cure of ALL instead of palliation and 
the conceptual development and successful application of therapy for pre- 
vention of CNS leukemia. The decade of the 1970s has largely been a time 
of therapeutic refinement—spreading the concepts and skills of modern 
therapy, trying permutations of drug schedule and central nervous system 
(CNS) therapy, and attempting to improve results and reduce late effects 
by using the clinical prognostic category to determine the intensity of 
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therapy. Two promising innovations in this era have been the recognition 
of leukemia cell features (mainly immunological) and their relationship to 
prognosis, and the clinical trials of bone marrow transplantation for treat- 
ment of leukemia with curative intent. 

The treatment of ALL continues to evolve since optimal therapy has not 
yet been devised. Current therapy is toxic, prolonged, and, most important, 
a failure in over one half of all patients. An even higher proportion of adults 
and other prognostic subsets of patients fail with current therapy. In a real 
sense, therefore, “standard” therapy for ALL does not exist; all current 
therapy regimens are (or should be) experimental. Descriptions of current 
therapy should be read with that caveat in mind. 


Current Therapy 


REMISSION INDUCTION THERAPY Therapy aimed at inducing remis- 
sion is effective. The addition of asparaginase or an anthracycline to the 
basic combination of vincristine and prednisone induces remission in all but 
5% of patients with ALL. Since there was evidence that, to a point, the 
intensity of remission induction therapy influenced the duration of remis- 
sion (1), a current study at St. Jude Hospital was designed to test whether 
administration of four agents during remission induction influenced the 
duration of remission; so far, patients given the fourth drug have no longer 
remissions. It would appear, therefore, that a three drug regimen is optimal 
with presently available agents. 


PREVENTIVE CNS THERAPY Attention of investigators is now most 
closely focused on preventive CNS therapy. Although administration of 
2400 rads of cranial radiation with intrathecal methotrexate remains the 
standard by which all other forms of CNS therapy must be measured, 
concern for potential late effects of this therapy (2, 3) has led to the develop- 
ment of alternate forms of CNS therapy. The longest successful experience 
is with intrathecal methotrexate and aggressive systemic therapy (4), which 
appears to be as effective as irradiation. Other studies of intrathecal therapy, 
reduced dosage irradiation, and intermediate dosage methotrexate infusions 
by vein (5-7) are well underway. It is likely that a variety of forms of - 
CNS prophylaxis will be effective, but it will take time to determine the 
relative toxicity of each and whether any has specificity for a subgroup of 
. patients. 


CONTINUATION THERAPY Continuation therapy during remission has 
undergone numerous modifications. However, the basic treatment standard 
continues to be a combination of mercaptopurine and methctrexate. Al- 
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though promising additions are under study, there is no convincing evi- 
dence that the addition of other agents during remission significantly 
prolongs its duration (1, 7-9), provided both agents are given in maximum- 
tolerated dosage. This phase of therapy has received the least attention in 
recent years and yet is responsible for the vast majority of treatment failures 
in ALL. Most failures are now due to bone marrow relapse that is attribut- 
able to the development of resistance to the agents given during remission. 
Above all, this is the phase of therapy that most needs a fresh approach and 
the courageous trial of new ideas. At St. Jude we are reexamining the use 
of elective sequential therapy to prevent emergence of resistant leukemia 
cells. Instead of single agents, we are testing the value of pairs of agents each 
` given for several months. This study has just started and we have no data 
to report. 

Exciting results are being obtained by Reihm and co-workers (10) in a 
series of West German studies. They give very intensive multiagent therapy 
to all patients during the first 8-12 weeks of therapy. Therapy is so aggres- 
sive during that time that skillful and intensive supportive care is required. 
Subsequent modifications of these studies, not yet in print, give preliminary 
indications that patients with “poor risk” features may do as well as those 
with “standard risk” features at diagnosis. If this is borne out with further 
follow-up, the advance would be most significant and justify emulation and 
confirmation elsewhere. 


CESSATION OF THERAPY After 28-36 months of initial complete remis- 
sion, therapy is ceased at St. Jude; subsequently, 75-80% of patients remain 
in remission indefinitely. As a result of this observation, we have developed 
an operational definition of cure for this disease, that is, that the patient 
remain in remission for four years after cessation of therapy (11). Longer 
durations of therapy are being tested by the cooperative groups. Reihm is 
currently exploring a 24-month therapy period. Although the 20-25% 
relapse rate in our studies is not acceptable, we believe prolonging the same 
therapy most likely will merely shift the time of relapse of these patients 
without reducing the number of relapses. Because of the relatively high 
frequency of testicular relapse in boys after cessation of therapy, we now 
routinely perform bilateral testicular biopsies at the time therapy is to be 
discontinued. 


BONE MARROW TRANSPLANTATION The results of bone marrow 
transplantation for ALL have generated new interest with the promising 
results of transplanting patients during remission (12). By transplanting 
patients during a second or subsequent remission, many of the early deaths 
due to infectious and hemorrhagic complications may be avoided. If the 
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current trend continues, the proportion of long-term survivors will be as 
high as 30-50% compared to the 7-15% among patients transplanted 
mainly during relapse. 

If technical and scientific advances continue toward development of more 
specific and sensitive antibodies, successful autologous transplantation is 
likely to become a potent therapeutic tool. One would achieve remission 
with conventional therapy, withdraw a quantity of the patient’s marrow 
known to harbor a small percentage of leukemia cells, and remove those 
cells with a monospecific antibody. After conventional pretransplant 
therapy aimed at eradication of residual leukemia, the patient would be 
given his own “clean” marrow cells. This approach has two major advan- 
tages. First, there is no need for matching tissue types. Currently, only 
about one third of patients have a suitable donor. Second, there is no 
graft-versus-host reaction which can be chronic and debilitating. 


Leads for the Future 


During the next decade we may expect further refinement of the activities 
noted. above: more information on the effectiveness and side-effects of the 
various forms of preventive CNS therapy now being tested; epidemiological 
studies of late effects of all kinds in the increasing number of long-term 
survivors; completion of current studies of the optimal duration of therapy 
by the Children’s Cancer Study Group and the Cancer and Leukemia 
Group B; and continued studies of ways to use current agents more effec- 
tively. The latter remains an important exercise—it is remarkable that we 
are still seeking the optimal schedule and dosage for the use of methotrexate 
in ALL more than 30 years after its introduction. There will be continued 
attempts to improve the results of treatment of patients with poor prognos- 
tic features. Thus far, the rationale has been that this more resistant form 
of the disease requires more intensive therapy with more drugs and higher 
dosages. However, this approach has not improved the results. More effec- 
tive therapy may depend upon the emergence of useful clues from studies 
of the biological basis of resistance (13); this is more likely to occur now 
because of the relative ease of identification of some subclasses of leukemia 
cells. An empirical approach is unlikely to be successful without a radical 
departure from current regimens or the discovery of a new and highly 
effective drug. With all the focus on patients with features associated with 
a poor prognosis, insufficient attention has been paid to the faci that we do 
not understand the biological basis for the failure of patients without poor 
prognostic features. At least one third of “Standard risk” patients will 
develop a bone marrow relapse despite their designation as “common” 
ALL. It is critical that we learn whether these relapses are avoidable by the 
more optimal use of current agents or if resistance is innate. 
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There are two new agents with some promise for treatment of ALL. 
Studies of the combination of the epipodophyllotoxin VM-26 and cytosine 
arabinoside have shown considerable promise in patients refractory to other 
forms of treatment (14). The combination is so promising in fact, that it is 
being incorporated into our new front-line studies for ALL. Another agent 
that bears watching, both because of its early promise and because of its 
unique mode of action, is deoxycoformycin (15). This agent is an adenosine 
deaminase inhibitor that specifically attacks lymphoid cells with little ap- 
parent effect on other bone-marrow-derived cells. It is too early to deter- 
mine whether this specificity will hold up in large trials. 

The most urgent need of the 1980s, in my view, is a method for detecting 
minimal residual disease in the bone marrow of patients who are in remis- 
sion of ALL. If we had the capacity for detecting one leukemia cell in a 
thousand or a million or more, we would be able to measure the effective- 
ness of therapy given during remission. Currently, of course, we must wait 
for relapse to occur and we have no clue as to when resistance may have 
developed. Detection of minimal residual disease is within reach for ALL 
because of the rapid development of our ability to raise quantities of 
monovalent antisera with hybridomas, and because of technology such as 
flow cytofluorimetry with cell separation capability. 


Summary 


The treatment of childhood ALL has been remarkably successful over the 
past 30 years of the chemotherapy era. A substantial proportion of patients, 
perhaps 40-50%, are apparently cured with currently available therapy. 
However, optimal therapy has not yet been ‘devised because of substantial 
therapeutic failures in the form of relapse and unacceptable side-effects. 
Remission induction therapy is the most settled aspect of therapy. The 
addition of asparaginase or an anthracycline to prednisone and vincristine 
is highly effective. Preventive central nervous system therapy is under revi- 
sion and study. It is likely that a variety of approaches will be equally 
effective. Continuation (maintenance) therapy is in the most need of revi- 
sion because a majority of therapeutic failures are due to bone marrow 
relapse—the failure of systemic therapy to prevent emergence of resistant 
leukemia cells. The optimal duration of therapy has not been established, 
the relapse rate after cessation of therapy lasting 2-3 years currently being 
20-25%. Bone marrow transplantation during remission shows promise as 
a therapeutic modality, particularly if autologous techniques are successful. 
The most promising development, however, is our increasing understanding 
of biological subpopulations of leukemia cells. This ultimately may help us 
develop more effective and specific therapy for childhood ALL. 
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Introduction 


The first human cardiac transplant operation at Stanford in January 1968 
was preceded by over a decade of laboratory work refining the surgical 
technique of orthotopic transplantation and the details of immunosuppres- 
sive treatment necessary for allograft survival (2, 3, 6). In the 12 years since 
then, over 400 transplant procedures have been performed worldwide. The 
largest series from a single- institution comes from the Stanford program. 
Since current survival rates for cardiac allograft recipients reported from 
Stanford (1) are equal to those reported for organ survival in cadaver renal 
transplant recipients (4), cardiac transplantation is becoming increasingly 
accepted as a therapeutic procedure, and other transplant programs can be 
expected to develop and flourish in years to come. We describe here several 
aspects of the Stanford cardiac transplant program, including criteria for 
recipient and donor selection, anatomy relevant to the surgical technique, 
current methods of immunosuppression, diagnosis and treatment of rejec- 
tion, and the variety and incidence of other complications. Cardiac retrans- 
plantation has become a standard treatment for several complications and 
we describe our experience with that procedure as well. 


Recipient Selection 


Patients with end-stage heart disease irremediable by any more conven- 
tional medical or surgical treatment are considered potential candidates for 
transplantation if several other criteria are met. These criteria were devel- 
oped empirically to select a subset of patients most likely to benefit from 
the procedure. They include age under 55 years, freedom from any active 
infection or unresolved pulmonary infarct, freedom from any other sys- 
temic disease that would separately limit survival, and the lack of inordi- 
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nately elevated pulmonary vascular resistance. The last criterion is included 
because our early experience showed that a normal donor right ventricle 
cannot increase its external work load acutely enough to cope with high 
resistance to outflow. Psychosocial criteria are less easy to quantitate, but 
are very important determinants of postoperative quality of life as well as 
survival. A history of good compliance with medical regimens, general 
psychosocial stability, and a positive surrounding emotional support struc- 
ture are all factors that are weighed in evaluating potential transplant 
recipients. l 

Virtually all patients have presented with functional class IV NYHA 
cardiac disability. The majority have manifested primarily signs and symp- 
toms of congestive heart failure and low cardiac output; several, however, 
have also exhibited intractable, life-threatening arrhythmias. 

The underlying heart disease in our patient group is most frequently 
coronary artery disease (49% of patients). Many patients (43%) have cardi- 
omyopathy of other etiology (idiopathic, viral, postpartum, familial), sev- 
eral (3%) have had combined cardiomyopathy and valvular heart disease, 
and one patient had a posttraumatic left ventricular aneurysm. Two pa- 
tients to date have presented with inoperable congenital heart disease. 

Previous heart surgery is not a contraindication to selection since patients 
having had such procedures, either valve replacement or coronary artery 
bypass grafting, do not present major technical problems at the time of 
transplantation; furthermore, our experience has shown that a previous 
cardiac operation that failed to provide long-term therapeutic benefit does 
not jeopardize, and may improve, expectations for survival after transplan- 
tation. 

On the basis of the above criteria, 250 patients have been accepted as 
cardiac transplant recipients as of 1 May 1980. Of these, 61 died before an 
appropriate donor became available and 188 of the remainder have under- 
gone transplantation (one is currently waiting). The 250 selected recipients 
represent 10-20% of the total number of patients referred to Stanford for 
consideration of transplantation. 


Donor Selection 

Patients who meet the medical and legal criteria of brain death, are less than 
35 years old, have no history of known cardiac disease, and have a normal 
cardiac examination and electrocardiogram, are considered appropriate 
cardiac donors. The majority of donors in the Stanford program died as a 
result of closed head injury, and the remainder suffered either gunshot 
wounds of the head or spontaneous intracranial hemorrhage. 

_ Several aspects of donor and recipient matching preoperatively are im- 
portant. Comparability in body weight, ABO blood group compatibility, 
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and the absence of a positive lymphocyte crossmatch between donor and 
recipient are all required. Histocompatibility (HLA) matching is not used 
prospectively since our experience has not shown any correlation between 
early postoperative results and number of antigenic mismatches. One excep- 
tion is that mismatches of the HLA-A2 antigen now appear to be associated 
with an increased incidence of late postoperative graft atherosclerosis. 
Matching for this.antigen has been required only since January 1979 and 
the effect of this change in selection criteria cannot be assessed for another 
one or two years. 

In the initial years of the program, donor hearts were removed at Stan- 
ford. Since 1977, a program of distant heart procurement has been in- 
stituted, with donor hearts removed at other institutions after hyperkalemic 
_ arrest, preserved by immersion in 4°C saline, and transported to the waiting 
recipient at Stanford. Ischemic times have not exceeded 3/4 hours and all 
such grafts have functioned satisfactorily. The success of this method pro- 
vides a new and slightly less expensive source of donor organs, the availabil- 
ity of which has heretofore been a major impediment to expansion of the 
program. 


Operative Technique 


Techniques for orthotopic heart transplantation have changed little since 
the original description of successful heart transplantation in the laboratory 
in 1960. After institution of cardiopulmonary bypass, the recipient heart is 
excised by division of the atria at their midlevel and of the great vessels 
immediately above the semilunar valves. This maneuver leaves in situ the 
posterior walls of the recipient right and left atria to which are anastomosed 
the corresponding structures of the donor heart; the sinoatrial node in the 
residual recipient right atrium is retained. Care is taken to preserve the 
integrity of the donor sinoatrial node, and although rhythms of apparently 
low atrial origin are common. in the early postoperative period, nearly all 
recipients eventually exhibit regular sinus rhythm. 


Immunosuppression 


With currently used techniques, recipients of cardiac allografts require 
indefinite immunosuppression to control host immune responses that would 
otherwise result in rejection of solid organ allografts. The immunosuppres- 
sive regimen is most intense in the early postoperative period when rejection 
episodes are most frequent; immunosuppression tapers to lower levels over 
the subsequent years. Increases in the chronic or baseline level of im- 
munosuppression, necessary for treatment of acute rejection episodes, are 
described below. Early intensive treatment consists of a “triple” regimen of 
high-dose corticosteriods, azathioprine, and anti-human thymocyte globu- 
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lin (ATG) produced in rabbits immunized against human thymocytes. The 
ATG is discontinued after the first 3—4 weeks and corticostercid doses are 
gradually tapered from an initial 1.5 mg/kg/day of prednisone down to 1.0 
mg/kg/day in 2-3 weeks and to a minimum of 0.25 mg/kg/day in the first 
1-2 years. Azathioprine administration is continued indefinitely at the high- 
est dose compatible with adequate peripheral white blood cell and platelet 
counts; the maximum dose is approximately 200 mg/day. 


Survival Rates 

Patient survival, calculated by the.actuarial method, for the entire Stanford 
series of patients is shown in Figure 1. Subgrouping the patients into cohorts 
operated on before and since January 1, 1974, illustrates a marked improve- 
ment in survival expectancy for more recent patients, with survival rates of 
62, 58, and 54% at one, two, and three years, respectively, as contrasted 
to corresponding rates- of 42, 35, and 28% for the earlier group. This 
improvement can be attributed to initiation of use of the current type of 
ATG in 1974 and development of the transvenous endomyocardial biopsy 
technique to diagnose and follow acute graft rejection, as well as advances 
in the early recognition and available treatment of infectious complications. 
These recent survival rates are entirely comparable to those reported for 
organ survival for most series of cadaver renal transplants (4). 

The only subgroup exhibiting clearly superior ‘survival rates is that of 
younger patients. The one-year survival rate in patients under 40 years old 
at the time of operation is over 70%. The type of original cardiac disease 
does not influence postoperative survival. 
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Figure I Actuarial survival curves for patients in the Stanford cardiac transplantation 
program. 
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Rejection 


INCIDENCE Acute rejection of the cardiac allograft occurs at some time 
postoperatively in approximately 90% of patients. Its frequency is greatest 
in the early postoperative period, occurring on the average once per 35 
patient-days, and declines over time, occurring once per 748 patient-days 
after the first year. The severity of acute rejection is quite variable histologi- 
cally, but unless and until it is quite advanced (and frequently irreversible), 
it does not result in signs or symptoms of congestive heart failure or low 
cardiac output. Severe acute rejection led to eight deaths in the early years 
of the Stanford program, but such deaths are fortunately rare in recent 
experience. 


DIAGNOSIS Clinical signs of acute allograft rejection consist of the ap- 
pearance of an early diastolic sound as a manifestation of decreased left 
ventricular compliance and the development of an irregular pulse due to a 
variety of atrial arrhythmias (atrial premature contractions, atrial flutter, 
atrial fibrillation). Ventricular arrhythmias do not characteristically occur 
with acute rejection. A generalized decrease in EKG voltage is the most 
sensitive and earliest noninvasive indicator of acute rejection, but false 
positive shifts are not infrequent. A method has been devised and validated 
in the laboratory for summing the amplitudes of the total QRS deflections 
in leads I, II, III, V;, and V¢ using a carefully calibrated EKG machine with 
constant precordial lead placement assured by placing tattoos on the V; and 
Ve positions. This voltage sum falls in a reasonably narrow range in a given 
individual; decreases of 10% or more are suggestive of acute rejection. 

Histological documentation of the presence and severity of acute rejec- 
tion is obtained by means of percutaneous transvenous endomyocardial 
biopsy in all patients managed at Stanford, thus eliminating potentially 
hazardous increases in immunosuppression in patients with false positive 
EKG or clinical signs of rejection. This procedure provides a safe means 
to assess objectively not only the initial process, but also to confirm its 
complete resolution after treatment. 

Pathological changes seen with acute rejection are characteristic of classi- 
cal first-set rejection and consist of cellular infiltration with predominantly 
mononuclear cells, interstitial and intracellular edema, and vascular con- 
gestion. Later, myocytolysis may develop. 


TREATMENT Increases in immunosuppression necessary to treat acute 
allograft rejection are somewhat different in early and late postoperative 
periods. In the early period, when corticosteroid doses are already high, 
acute rejection is usually treated with large doses of methylprednisolone and 
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reinstitution of or increase in ATG administration. In the later period, 
treatment is more individualized according to the clinical and histological 
severity of rejection. Treatment for the mildest episodes consists of increase 
of oral prednisone; the severest episodes mandate the same treatment as 
described for episodes early postoperatively. Severe rejection unresponsive 
to treatment has been treated by retransplantation in six patients to date, 
from 314 to 35 months after the first transplant. Survival after a second 
transplant for acute rejection ranges from 15 days to 52 years, with two 
patients still alive at 18 months and 51⁄2 years after the second procedure. 


Complications 


INFECTIONS Infectious complications constitute a major source of mor- 
bidity and mortality in all series of organ transplantation. The Stanford 
series has had a total of 571 infectious episodes to date and 55% of deaths 
have been due to infection. A wide variety of organisms has been encoun- 
tered; a large proportion are opportunistic pathogens such as Aspergillus, 
Nocardia, and Pneumocystis. A program of trimethoprim/sulfa pro- 
phylaxis has recently been shown to reduce the incidence of infections due 
to the latter two organisms (unpublished data). The majority of infections 
are pulmonary in origin, as shown in Table 1. 


STEROID-RELATED PROBLEMS All patients receiving corticosteroids 
on a chronic basis are subject to a variety of related complications, including 
steroid-related diabetes mellitus, posterior subcapsular cataracts, and os- 
teoporosis. In heart transplant recipients, osteoporosis is the most disabling 
complication. Severe back pain due to vertebral collapse led to serious 
disability in ten patients, and three patients required bilateral total hip 
replacement because of aseptic necrosis of the femoral heads. 


Table 1 Stanford cardiac transplantation infectious episodes 











Number of Number of 
Infection episodes patients 
Pulmonary 253 123 
Empyema 10 10 
Septicemia 61 47 
Urinary tract 36 26 
Disseminated fungal 10 10 
Disseminated viral 13 13 
Central nervous system 20 20 
Hepatitis 8 7 
Retinitis 4 4 


Osteomyelitis . 1 1 
Miscellaneous 145 95 . 
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MALIGNANCY As has been noted in other groups of chronically im- 
munosuppressed patients, heart transplant recipients sustain an increased 
incidence of lymphoproliferative malignancies. To date, there have been 11 
such malignancies in the Stanford series of 188 patients. Two of these 
consisted of acute leukemia that led rapidly to death. The solid tumors have 
all had a similar histologic pattern, described as lymphoblastic sarcoma, 
which has been classified with other immunosupression-related lymphomas 
(5). They tend to occur as isolated lesions in unusual extranodal locations. 
Two were found “incidentally” at autopsy in patients dying of other causes 
and one patient died of an unrelated cause before treatment could be begun. 
Only two patients had multicentric disease and in both the lymphoma arose 
in the anterior thigh muscles at the sites of previous ATG injections and 
spread rapidly despite radiation therapy. Both patients had undergone a 
second transplant. Four patients have been successfully treated with ra- 
diotherapy (two for isolated CNS lesions and two for isolated pulmonary 
nodules), and three are alive with no evidence of disease between six months 
and three years after treatment. The fourth died of an unrelated cause six 
months after treatment and showed no evidence of lymphoma at autopsy. 
Thus, lymphoma, while a serious complication, may be very treatable when 
it does not arise at the sites of ATG injection. 


GRAFT ATHEROSCLEROSIS The complications described above are 
common. to all recipients of organ allografts. One complication apparently 
unique to recipients of cardiac allografts is a seemingly accelerated form of 
coronary atherosclerosis. This occurs equally commonly in patients whose 
original heart disease was atherosclerotic or idiopathic. The exact etiology 
is unclear but is probably related predominantly to immunologically me- 
diated injury of the donor coronary arterial endothelium during rejection 
episodes, with some modulation by “risk factors” such as elevated blood 
lipids, arterial hypertension, etc. This form of atherosclerosis leads to the 
same sequelae as the ordinary form of atherosclerotic coronary disease with 
one exception. The patients can develop congestive heart failure, ventricular 
arrhythmias, and sudden death, but they do not develop angina pectoris 
because of the denervated status of the allograft. 

We have calculated by actuarial means that 38% of all our patients 
develop evidence of some degree of graft atherosclerosis by five years post- 
transplant. To date, nine patients in the Stanford series have developed graft 
atherosclerosis severe enough to be life-threatening and to require elective 
retransplantation. Three of these patients are still alive between 9 and 20 
months after graft replacement; another lived for 16 months before suc- 
cumbing to a presumed arrhythmia. Thirteen patients early in the series 
died of this secondary disease before the concept of retransplantation 
became accepted. The clinically silent appearance of this life-threatening 
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complication provides the rationale for performing coronary arteriograms 
annually on heart transplant-recipients and considering intervention with 
retransplantation before serious graft dysfunction develops. 


Postoperative Rehabilitation 

The cardiac allograft exhibits normal hemodynamic function under condi- 
tions of rest. In the absence of autonomic reflexes, the denervated heart 
relies on the Frank-Starling mechanism and on circulating catecholamines 
to vary its output and these mechanisms are quite sufficient to support 
normal physical activities. 

Fully 90% of the transplant recipients, having been in NYHA functional 
class IV preoperatively, are able to pursue a normal, physically unrestricted 
life and return to the occupation or activity of their choice. None has been 
limited by cardiac disability. 

The intensity of medical surveillance for rejection or infectious complica- 
tions diminishes with time, but even the longest-term patients are seen every 
six weeks and return to Stanford annually for invasive evaluation. 


Summary 

Based on the Stanford series of 188 patients, we emphasize that orthotopic 
cardiac transplantation represents a reasonable therapeutic option for the 
patient with inoperable end-stage heart disease. Current expectations for 
survival equal those for organ survival in cadaver renal transplant series and 
offer a rehabilitation potential of over 90%. Most of the complications 
limiting survival are due to the currently available means of immunosupres- 
sion and, therefore, advances in the field of immunosuppression can be 
expected to have a major positive influence on survival rates. 
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THE PROBLEM OF OBESITY #7394 
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Ann Arbor, Michigan 48109 


INTRODUCTION 


Any physician who cares for patients recognizes the painful problem of 
obesity. It is estimated that 25-45% of the American population over 30 
years of age is “overweight” (1). Doctors see obesity in the clinic, the office, 
the hospital, and on the street. And even if we avoid direct patient involve- 
ment by engaging in nonclinical activities, we still worry about it in our- 
selves and in our families. 

Examination of the scientific and lay literature about obesity finds it 
predominantly echoing Ayer’s statement of over 20 years ago: “Practically 
everyone will agree that obesity is the number one health problem to- 
day....” (2). But are there well-established data that support this pro- 
nouncement? Is there a firm scientific foundation to the national, almost 
obsessive, opposition to fatness? Is the medical community, in particular, 
justified in its continuing efforts to promote weight reduction among the 
obese? 

This review presents three theses for your consideration. The iconoclastic 
views that are suggested are hardly new, nor do they lack for substantial 
evidence. They are: 


1. Obesity, as we commonly use the term, may be more an aesthetic and 
moral problem than one of physical health (3-5). 

2. The therapy of obesity may be, in some circumstances, more morbid 
than fatness (6-11). 

3. There may be some advantages, in medical and other senses, to being fat 


(3). 
MORAL PROBLEMS 


What do we mean when we say someone is obese? By some criteria, up to 
60% of Americans aged 40-60 years are over their “best weight” by more 
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than 10% (12). One third of our nation’s people are said to be more than 
20% over their “ideal weight” (1). Yet a state cannot be called abnormal 
in any statistical sense if it is characteristic of so large a number of the 
population under study. It would seem to call for a redefinition of what is 
normal. 

Obesity has also been defined as a state of excess body fat. Studies by 
cadaver analysis showed the “average” young man to possess 15% of his 
total body weight as fat, and the “average” young woman 25% (13). But 
these percentages come from a total of but eight cadavers (14), which casts 
doubt on their universal applicability. Moreover, this sort of analysis is 
obviously impractical in the doctor’s office and of little aid to the individual 
physician trying to diagnose obesity in the individual patient. Assessment 
of body density, and thus of the proportion of fat to lean by the Ar- 
chimedian method of immersion and water displacement (15, 16) suffers 
from inaccuracies of method (3, 14) and is too cumbersome and sloppy a 
technique to use in clinic. Isotope or chemical dilution studies of fat and 
volumes of distribution are best suited to research laboratories (17, 18). 

Anthropomorphic measurements used in studies of large populations of 
fat people use skin-fold thickness, height-weight ratios, ponderal indices, 
and the like, all compared to arbitrary normals (14). For practical purposes, 
the most frequently cited criteria for normal weight refer to height-weight 
comparisons for each age and sex category (19). These charts are generally 
based on the Society of Actuaries report of 1959, which analyzed persons 
insured from 1935 to 1953 and showed a linear relationship between over- 
weight and excess mortality. In this survey, the aggregate mortality for men 
and women more than 20% overweight was found to be about 150% that 
of the insured population of average weight (19). 

It has been argued, however, that these insurance data are seriously 
flawed (20-22). Lower socioeconomic classes, which tend to be heavier, are 
less likely to be insured. The health awareness and performance of the newly 
insured population may be unusual. Height and weight estimates of this 
group were notoriously bad; moreover, the insurance data do not consider 
body weight in terms of adiposity, but only of raw weight in relation to age, 
height, and sex. There is no distinction between those who were heavy with 
muscle and those burdened with fat. These same data could be used to label 
body building as a major health hazard. 

A recent review compares these actuarial data with six other epidemi- 
ologic studies. The results are strikingly different. There may actually be a 
negative relationship between body weight and mortality. The obese, in 
some age categories, may live Jonger than the lean (23). 

Most physicians do not habitually use reference charts and probably 
could not quote the ideal weight for a 5 foot-5 inch woman in 2-inch heels 
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with medium frame. Most doctors, like most lay people, diagnose obesity 
by eyeball analysis. Well-established experts in the field of obesity are 
untroubled by recommending superficial observation (12) or the “mirror 
test” (14)—looking at one’s naked body in the mirror (24)—as a reasonable 
way to estimate obesity. Do the patients seem fat to us? Then fat they are. 
And in this method of diagnosis we are biased by culture: What an Ameri- 
can fashion model calls chubby a Russian grandmother considers patholog- 
ically thin. 

Self-perception of obesity is common in our weight-conscious society. In 
one sample of 500 Californians, 32% of the men and 46% of the women 
described themselves as too heavy (14). This is generally perceived as a 
perjorative, and can be potentially harmful. 

Because of the cultural equation of beauty with goodness, the aesthetic 
aspects of overweight blend into the moral. A fat man says, “Just looking 
at myself in a store window makes me feel terrible. It has gotten so that I 
am very careful not to look by accident. It’s a feeling that people have a right 
to hate me and hate anyone who looks as fat as me. As soon as I see myself, 
I feel an uncontrollable burst of hatred. I just look at myself and say, ‘I hate 
you: you’re loathesome’ ” (25). 

It is clear from reading magazines or watching television that public 
derision and condemnation of fat people is one of the few remaining sanc- 
tioned social prejudices in this nation freely allowed against any group 
based solely on appearance. Personality profiles of obese adolescent girls 
show that they respond very like oppressed minorities in their acceptance 
of dominant values in the culture and their passive withdrawal (26). It has 
been documented that all of us—the general public, social workers, employ- 
ers, graduate schools admissions officers, nurses, and physicians—feel nega- 
tively toward the obese (4, 27-29). Obesity is a moral crime and one of the 
few remaining sinful diseases: one is fat because of “weakness of the will” 
(30). The fat are denied jobs, promotions, educational opportunities (14), 
and, recently, challenged in their right to adopt a child until they lose 
weight (31). 


MEDICAL PROBLEMS 


Are we as a profession justified in shaming the fat into losing weight, in 
promising them an improved state of health if they do? Why is being fat 
bad for you? 

There are three major categories of physical risk associated with obesity: 
(a) the increased mechanical burden of obesity; (b) the dangers of increased 
food intake, or of the “wrong sort” of food; and (c) the miscellaneous 
complications and associations of obesity. _ 
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Increased Mechanical Burden 


In this category are those disorders attributed to the stresses placed by extra 
pounds upon the skeletal frame and cardiovascular system of the fat person. 

Degenerative joint disease is accelerated by obesity, especially marked in 
the spine, knees, ankles, and hips. This is probably mediated by the trauma 
of increased weight-bearing (24, 32). Many modern sports may be shown 
to have this same effect. 

Respiratory compromise is held to be common in the fat. Certainly, 
dyspnea is a common symptom among the obese. This has been attributed 
to an increased oxygen demand (33, 34), increased intraabdominal pressure 
with decreased diaphragmatic activity (35), and the increased work of 
breathing occasioned by the mass of the fat thorax (36). Other investigators 
have described upper airway obstruction (37) and a decreased sensitivity to 
carbon dioxide (38) or oxygen (39, 40). But there is no good correlation 
between the presence or severity of dyspnea or alveolar hypoventilation and 
the body weight (39, 41). The physiologic responses of the respiratory 
system to weight loss are variable and ill explained (36, 42-44). The Pick- 
wick syndrome (43) may occur in massive obesity, of course, and is proba- 
bly due to a combination of mechanical and central nervous system factors. 
Much more work is necessary on sleep apnea in the lean (45) before any 
definitive statements can be made about its relationship to fatness. 

Cardiomegaly occurs in the obese (41, 46). There is evidence that the 
cardiac enlargement of the obese is roughly proportional to the increase in 
body mass. This is associated with an increased blood volume and an 
increased cardiac output, which are also proportionate to the increased 
tissue mass (46, 47). In the moderately obese, this “work hypertrophy” 
might be the fat person’s equivalent of exercise-induced cardiac enlarge- 
ment, an “‘athlete’s heart” (46). Whether the “athlete’s heart” is a good or 
a bad thing remains controversial even in athletes (48). “Fatty heart,” or 
degenerative intramyocardial fat droplets, are not present in the obese as 
a rule. There may be increased subepicardial fat and fat between myocardial 
muscle bundles in the very obese, but the clinical pDA of this finding 
is uncertain (46, 49). 

Surgery is more dangerous in the obese because of mechanical and anes- 
thetic-respiratory difficulties (50, 51). There may also be a problem of 
delayed diagnosis of intraabdominal disease because of the increased diffi- 
culty of adequate physical examination. 


Increased Food Intake 


It should be noted that fat people do not continually gorge themselves. If 
they did, they’d perpetually gain weight. An obese individual may gain by 
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“overeating” but, having achieved a stable weight level, will take in as many 
calories as are necessary to support that weight at any given level of exer- 
cise. There are data showing no marked difference in the caloric intake of 
a cohort of stable obese people from that of a group of normal weight (52). 
If a fat person exercises very little, he or she may actually eat less than a 
very active lean person (53). 

It has been proposed that the fat are ruled by appetite—the titillation of 
the taste, smell, or appearance of food—more than they are by hunger 
(54-57). If this is true, they may be attracted to good-tasting foods such as 
sweets and animal fats more than the lean individual: they may have a 
proportionately greater intake of delicious but “unhealthy” foods. 

Coronary vascular disease and its relationship to obesity has stimulated 
much interest, conflict, and controversy. There is evidence from the Fra- 
mingham study that angina and sudden death are more common in the 
obese (58) with an effect that varies with age. A number of other epidemi- 
ologic studies have demonstrated little influence of obesity alone on the 
development of coronary heart disease (59-61). It appears that obesity 
alone, in the absence of hypertension or hypercholesterolemia, is not a risk 
factor for atherosclerotic coronary heart disease. If either or both conditions 
are present, however, risk is magnified by obesity (58, 62). There is a better 
correlation between positive caloric balance and high serum lipid levels (63) 
than between stable obesity and serum cholesterol levels (59, 64). Since a 
large number of fat people go through cyclic diets and refeeding, this 
potential risk of hypercholesterolemia during refeeding raises the theoreti- 
cal possibility that diet therapy, with an almost invariable recidivism to 
obesity, may be risky. 

Gallstones afflict the fat. Saturation of gallbladder bile with cholesterol 
(rendering it more lithogenic) is greater in the obese, and is decreased at a 
stable reduced weight (65). The active phase of weight reduction, however, 
may actually transiently increase the risk of gallstones, since fasting in- 
creases the saturation of gallbladder bile (66). Once gallstones are present, 
there is no evidence they are ameliorated by weight loss. 


Miscellaneous Complications 

Hypertension is one of the most commonly cited concomitants of obesity 
(67). Though some studies show only slight association of obesity with 
blood pressure elevation (59), the obese are probably at higher risk for 
hypertension than the lean. The degree of obesity is not well correlated with 
the severity of hypertension (41, 59), and increased pressures associate more 
with body weight and shape than with adiposity per se (68). Since hyperten- 
sion and obesity may be genetically rather than causually related, it remains 
to be demonstrated that sustained weight loss leads to a sustained decrease 
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in hypertension or its complications. Though a number ‘of studies show 
diminution of blood pressure in a significant number of patients (14) when 
they lose weight (67, 69), the mechanism of the hypotensive effect of weight 
loss remains controversial, the degree variable, and the effect on prognosis 
obscure (3, 14). 

The relationships between elevations in blood pressure and cbesity obvi- 
ously need further study. What we do know at present suggests that weight 
loss, often impossible for the patient, ought not to be a prerequisite by 
physicians for the institution of antihypertensive medications (70). 

Diabetes mellitus is held to be a major feature of obesity. A difficulty in 
the interpretation of epidemiologic data is in knowing what is meant by 
“diabetes” in each study. There is a difference in the glucose tolerance 
curves of the fat compared to the lean, and this difference is lessened by 
weight loss (71-74). What this means is not immediately evident, since the 
“normals” for the standard glucose tolerance curves were established in 
lean young people and then applied to the obese and elderly (75). If diabetes 
mellitus is.defined only by a glucose tolerance curve that differs from those 
in the lean, then many fat people are “diabetic.” Yet there is no good 
evidence that microvascular diabetes is increased in the fat, nar that angi- 
opathy is improved by weight loss. It is also clear that the obese differ from 
genetic diabetics in that circulating insulin increases as obesity increases 
(74). 

Though one may argue that “decreased” glucose tolerance i in the obese 
is normal for their weight, it would still seem prudent to advise attempts 
at weight reduction in those patients who have glycosuria, increased infec- 
tions, cataracts, or neuropathy. 

Gynecologic and obstetric influences of obesity assume added significance 
in that most obese people are women (76). Obese women may be at in- 
creased risk for certain complications.of pregnancy, including glucose intol- 
erance, hypertension, and thromboembolic disease (77). The detrimental 
effects of maternal starvation on fetal well-being are such, however, that 
obese pregnant women are not advised to lose weight during pregnancy, but 
rather to gain proportionate to their stage of pregnancy much as any 
nonobese woman would (78). 

Obesity in women is associated with mentaal irregularities (79). 
Whether this is due to periodic dieting, the emotional stresses of obesity, 
or a fundamental disturbance of endocrine function in the fat woman is not 
yet apparent. A relationship between teenage obesity and endometrial car- 
cinoma (80) requires further elucidation. 

Hyperuricemia and gouty arthritis are increased in the obese and decline 
with weight loss (81, 82). In assessing hyperuricemia, especially in the obese 
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woman, the clinician should take care to exclude thiazide diuretics (an 
ingredient of some diet pills) as contributory to the increased serum urate 
(82). 

Nephrotic syndrome has ii reported in four patients with massive 
obesity (83). What significance this has to the less-than-massively obese is 
uncertain. 

Fatty liver may occur in fat people. A recent study (84) demonstrates 
fatty hepatitis, fatty fibrosis, and fatty cirrhosis in 29 overweight patients 
referred for study of hepatomegaly or abnormal liver functions. The ques- 
tion of the prevalence of fatty liver disease in the obese population not 
selected for evident hepatic dysfunction was not addressed. Moreover, while 
the 29 patients were questioned concerning potential hepatotoxic illness, 
alcohol, or drug abuse, none were evidently questioned about their diets. 
Since the obese frequently fast in attempts:to lose weight, and since starva- 
. tion causes fatty hepatopathy and cirrhosis, it again becomes questionable 
whether the obesity or its therapy was responsible for the perceived morbid- 
ity. 

Psychological stresses are commented upon in many discussions of 
obesity (3-5, 15, 25-31). Might social attitudes concerning the obese actu- 
ally create or contribute to some of its morbidity? Stress has been convinc- 
ingly argued to have major influence on heart disease and cancer, 
cerebrovascular and circulatory disease (85). It is with these same morbid 
states that obesity is said to correlate. More study is called for, since, if we 
do stress our patients by categorizing them as diseased, we may be con- 
tributing to their disease. Perhaps our major thrust in therapy should be to 
change attitudes about the obese rather than their shapes. 


THE VALUE OF THERAPY. 


In extreme, life-threatening, or immobilizing obesity, extreme measures are 
surely acceptable. But unnecessary dieting in mild to moderately fat people 
may kill them (7, 11). The multitude of complications reported from intesti- 
nal bypass surgery (6) make it inappropriate for most, if not all patients, 
and certainly unwarranted for cosmetic reasons alone. Addiction was (and 
perhaps still is) a major danger of the use of amphetamine in the therapy 
of obesity (86). What contribution the more potent amphetamines may have 
made to the increased blood pressure and possible heart disease of the obese 
has not been well explored. 

A relatively infrequently addressed but highly significant complication of 
the therapy of obesity is the financial morbidity incurred by fat individuals 
and the nation. It is conservatively estimated that Americans spend over 10 
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billion dollars a year in reduction schemes of one sort or another (14). Diet 
foods, machines, exercises, spas, camps, clinics, pills, and corsets may drain 
thousands of dollars from the individual fat man or woman. What do they 
get for this money? Not much, it seems. Estimates are that 75-95% of all 
schemes for weight reduction fail (87). Even if the patients do lose weight, 
they rapidly regain it. And in the successful 5—25%, we really don’t know 
what’s been gained so far as health is concerned. The irony is that the 
therapy of obesity is generally so ineffectual that clinical studies relating 
weight loss to the relief of conditions in which obesity is implicated as 
pathogenic are nearly impossible to do (3). 

It seems reasonable that one should try to treat obesity when we treat the 
degenerative joint disease, dyspnea, hyperglycemia, congestive heart failure, 
angina, or hypertension of the obese. But should we frustratingly insist on 
weight loss in the nonhypertensive asymptomatic obese patient? 


THE ADVANTAGES OF OBESITY 


The recent review of epidemiologic studies that suggested decreased mortal- 
ity among the obese (13) logically raises the question of a possible selective 
advantage to obesity. Data exist suggesting that fat people may have better 
survival with cancers and tuberculosis than do the lean (14). Surprisingly, 
the obese also commit suicide less frequently (14). There are psychiatric 
testing studies which maintain that the obese may be better problem solvers 
and more perceptive receivers of external stimuli than the lean (55). 

A well-adapted animal has the ability to store fat during periods of 
abundant food supply in preparation for the inevitable intervals of famine 
(88). It may be, then, that the prevalence of obesity in the United States is 
due to the conjunction of millions of years of evolutionary thrust with a 
remarkable sufficiency of food available at minimal exertion. The fat may 
be the most highly evolved among us. And should food become scarce 
through natural disaster, war, or shortages of energy, the fat may be the 
most likely survivors. 


SUMMARY 


In view of the conflicting data, the patent cultural biases under which we 
labor, and the possible harmful effects of therapy, it seems best that physi- 
cians examine the problems of obesity with the same keen scepticism and 
science they apply to other unsettled issues. To treat disease in the obese 
is obviously good. To treat simple obesity as a disease may be another 
matter entirely 
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Introduction 


Anorexia and diminished oral intake have long bai known to accompany 
cancer (1). If anorexia and diminished intake were the sole cause of the 
weight loss, weakness, tissue depletion, and biological bankruptcy that is 
embodied in the term cachexia, then the advent of intravenous feeding or 
total parenteral nutrition (TPN) would have been a therapeutic triumph for 
the cancer patient. Unfortunately, the degree of cachexia seems independent 
of oral intake, tumor burden, cell’ type, or anatomical site of the neoplasm.. 
The anorexia and weight loss aré simply explained if the neoplasm involves 
the oropharynx or esophagus and thereby prevents adequate intake. How- 
ever, many neoplasms not involving the gastrointestinal tract are similarly 
accompanied by major degrees of inanition. 

If, then, the inability to ingest, digest, or absorb is not the sole cause of 
the malnutrition that, accompanies cancer, then the widespread use of TPN 
in the cancer patient must be justified by its effectiveness in reversing 
nutritional morbidity. Although rigorous clinical studies in man have not 
always been performed, there is evidence in newborns and animals that 
TPN can support growth and development. It seems reasonable to assume 
then that TPN is an effective treatment for uncomplicated malnutrition due 
to inadequate intake (2, 3). 


Efficacy in Nonmalignant Disease 
Generally accepted conditions thought to require nutritional support are 
listed in Table 1. The widespread use of total parenteral nutrition as a 
1The US Government has the right to retain a nonexclusive royalty-free license in and to 
any copyright covering this paper. 
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disease-oriented therapeutic modality rests cn insecure ground. Rigorous 
evidence to support indiscriminate use of TEN for all of these indications 
is lacking. Mortality from congenital and acquired gastrointestinal abnor- 
malities, and intractable diarrhea in infants who cannot be maintained by 
the enteral route, diminished from 75% to 10% with the introduction of 
TPN; it is reasonable to conclude that TPN played a major role in this 
decrease (4, 5). 

Dietary management of inborn errors of metabolism has prevented early 
death or severe mental retardation, so that in situations where enteral 
support has been impractical TPN can probably be similarly efficacious (6, 
7). Reasonable data exist to support the use of TPN in adolescents with 
inflammatory bowel disease, where increased growth rate and growth spitis 
have been demonstrated (8, 9). 

Information supporting the use of TPN in the low birth weight infant has 
been seriously questioned. But formerly 50-70% of such infants had severe 
developmental abnormalities (10), and only 15% are now abnormal (11). 
Survival of infants weighing 1000-1500 g has improved, from 40% to near 
80%, in association with the improved intensive neonatal support provided 
from 1953 to 1969 (11). The severely burned patient and the patient with 
established gastrointestinal fistulae not due to cancer also benefit from TPN 
(3, 12). 

In patients with acute renal failure, prospective randomized studies have 
been performed in a relatively homogenous patient group (14). In one study, 
although survival from renal failure was signiiicantly improved in the TPN 
group compared to the glucose control group, no decrease in need for 
dialysis was identified and in-hospital mortality was not significantly im- 
proved (14). In a second study, no improvement in survival or in duration 
of renal failure was noted in the TPN group (15). 

In malnourished patients undergoing cardiac surgery, a randomized trial 
of immediate (five-day) postoperative TPN vs no intravenous nutritional 
support showed no noticeable effect on morbidity or mortality (16). The 
data for modified TPN mixtures rich in the branched-chain amino acids is 
less secure, but suggestive of a positive effect (17-19). 


Table 1 Conventionally accepted indications for total parenteral nutrition 











1. Congenital or acquired malfunction 5. Inflammatory bowel disease 
of the gastrointestinal tract A. children and adolescents 
A. infants and the newborn B. adults 
B. adults 6. Renal failure 
2. Unremitting diarrhea of infancy 7. Hepatic failure 
3. Inborn errors of metabolism 8. Cardiopulmonary failure 
4. Low birth weight infants 9. Severely burned hypercatabolic man 
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Generalized agreement on the need for parenteral nutritional support in 
hypercatabolic man unable to ingest has recently been articulated, but is 
qualified by comments about the scientific inadequacy of the supportive 
data (3). 

An estimated 1 to 2% of all in-hospital patients are supported by TPN. 
When one considers that the average approximate cost to the patient is $60 
per 1000 cc, then the cost of one day’s TPN is approximately the average 
room cost. If TPN saves one in-hospital day it is cost effective! Unfortu- 
nately, data on the usage and cost of TPN nationwide is currently unavaila- 
ble. One estimate suggests that 150,000~200,000 patients per year receive 
TPN; one third of these have cancer (J. L. Mullen, personal communica- 
tion). 


Indications in the Cancer Patient 

Indications for nutritional support are relatively easy to categorize, despite 
a lack of meaningful data as to the significance of such indications in the 
cancer-bearing host. Any patient whose hospital stay is expected to exceed 
15 days, who is unable to ingest, absorb, or digest nutrient via the gastroin- 
testinal tract is a potential candidate for intravenous nutritional support. 

The peripheral determinations of anthropometrics, serum albumin, 
serum proteins, and acute-phase reactants such as transferrin can help 
support such a decision and, in a few instances, serve to monitor nutritional 
progress (20). Unfortunately, a prospective search for factors that would 
predict successful nutritional repletion in patients with advanced malig- 
nancy has been relatively unrewarding (21). 

The more difficult decision, however, is whether or not the patient has 
realistic prospects for meaningful, antineoplastic therapy. This question 
may be irrelevant, however, unless we can show that intravenous nutritional 
support can reverse the malnutrition and metabolic defects that accompany 
cancer. 


Benefits in the Cancer Patient 


SUPPRESSION OF GLUCONEOGENESIS The cancer-bearing host, like 
any starving patient, depends to some degree on gluconeogenesis from 
amino acids for maintenance of blood glucose. This continuous strain on 
the body protein stores inevitably leads to lean tissue mass dissolution and 
death from starvation. Several authors (22-25) have shown that intravenous 
glucose or TPN mixtures can suppress gluconeogenesis from amino acid 
precursors in the cancer-bearing host. 


REVERSAL OF WEIGHT LOSS Many studies demonstrate that weight 
gain can be achieved on total parenteral nutrition in cancer (26-28). More 
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recently, however, considerable concern has been expressed as to whether 
or not this weight gain reflects fat accretion, lean tissue accretion, or some 
mixture of both. Some observers suggest that fat repletion is much more 
readily obtained than is lean tissue repletion (29). In some patients who have 
responded to their antineoplastic therapy, lean tissue can be accrued, as 
measured by total body potassium determinations or by nitrogen balance, 
although at a cost of increased amino nitrogen flux (25). 


PROVISION OF EXCESS ENERGY NEEDS Some evidence now exists that 
the cancer-bearing patient is less able to adapt to the rigors of starvation 
than his non-cancer-bearing, similarly malnourished control (30, 31). The 
evidence that the cancer-bearing host has increased energy demands is 
somewhat confusing (32, 33); recent evidence suggests that patients with 
widely metastatic cancer do indeed have increased energy needs (34). 
Where increased need for calories exists it can be met, provided liver 
function is carefully monitored. 


REVERSAL OF DEFICIENCY STATES Deficiencies of electrolytes, miner- 
als, trace metals, and vitamins are commonly implicated in both causation 
and progression of malignancy. Few data exist to support or refute these 
suggestions. Total parenteral nutrition can readily reverse all of these ab- 
normalities, and no patient should suffer from such deficiency. 


REVERSAL OF IMMUNE DEFICIENCIES The calncer-bearing host is 
commonly immunosuppressed. This immunosuppression may be due to the 
patient’s disease or associated infectious complications, or it may be a 
product of immunosuppressive therapy. Impressive claims have been made 
that this immunosuppression can be reversed by intravenous feeding (35); 
however, whether the concomitant reversal of the patient’s relative anergy 
is a response to antineoplastic therapy or to the associated nutritional 
support is unclear. Such elucidation awaits difficult-to-perform clinical 
studies. The preliminary results in animals do suggest an independent role 
for nutrition in the reversal of such immune defects (36). 


Technical Considerations for TPN 


VENOUS ACCESS Venous access is a recurring problem because of the 
chronic peripheral venous sclerosis that accompanies the multiple venesec- 
tions necessary to administer sclerotic chemotherapeutic agents or to sam- 
ple venous blood for hematological monitoring. The problem is 
compounded by the desire to avoid placing large-bore needles into central 
veins when platelet and white cell counts are low. Various methods have 
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been employed to improve long-term access to such patients. The most 
popular are the Broviac and Hickman long-term, in-dwelling, silastic ca- 
theters. The placement of these catheters requires a formal surgical proce- 
dure. Central silastic catheters are less irritating than the conventional, 
widely-used polyvinyichloride catheters (37), and there is a high incidence 
of superior vena caval thrombosis (25% in an autopsy study). This makes 
the use of a percutaneous, silicon catheter much more appealing (38). Such 
a catheter does exist (VICRA—Division of Travenol Laboratories, Dallas, 
TX 75220). It can be inserted either centrally (Centrasil®) or peripherally 
(Intrasil®). Unfortunately, the peripheral route is rarely available and the 
central catheter is not widely accepted (39). Prospective studies are not 
available comparing the two different types of catheter in cancer patients. 
Similarly, the true incidence of superior vena cava or subclavian vein throm- 
bosis is not known. The high incidence found at autopsy occurred at a time 
when techniques for total parenteral nutrition were still evolving (38). More 
recently, a review of controlled studies done by the Diet, Nutrition, and 
Cancer Program of the National Cancer Institute suggested a clinically 
detectable incidence of approximately 5% (40). Recently, as part of a 
prospective randomized study of TPN, a 10% incidence of subclavian vein 
thrombosis in 33 patients, with an additional 33% incidence of phlebitis, 
(8 of 13 requiring catheter removal) was reported (41). It is my own belief 
that the true incidence of subclavian venous thrombosis is much higher and 
closer to that of the autopsy series than is readily accepted. Because sub- 
clavian venous thrombosis is often of slow onset without evidence of venous 
obstruction, the clinical significance is less important. Reports of death or 
complications resulting from subclavian venous thrombosis are few, and the 
patient who slowly thromboses his subclavian vein may rarely, if ever, be 
at risk. Only in patients requiring repeated access to the central venous 
route is such a problem manifest. 

Some chemotherapeutic agents are compatible with TPN mixtures, 
which suggests that such agents will be much more frequently instilled 
centrally, with an assumed increase in thrombotic complications (42). 


FEVER Fever commonly accompanies long-term parenteral nutrition in 
the cancer-bearing host, particularly during periods of immunosuppression 
- and granulocyte depletion. We have elected in the presence of a fever not 
to routinely remove what is often the patient’s only source of venous access. 
We have become more conservative, relying on the appearance of new 
glucose intolerance or positive blood cultures before removal of the line. 
The catheter can be readily exchanged over.a guide wire with minimal 
discomfort or risk to the patient and without losing a valued access line (43). 
On rare occasions when no other options are available, the treatment of a 
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fever or a positive blood culture can be performed without removing the 
line. It should be strongly emphasized that where other access routes are 
available, the safe and prudent course is the removal of the catheter (for 
unexplained fever), with subsequent replacement once the fever has re- 
solved. 


METABOLISM In any well-run total parenteral nutrition service, the ma- 
jority of metabolic complications should be no greater than the incidence 
seen in patients with similar degrees of malignancy not receiving TPN (40). 
Clear indications have now been provided for the delivery of vitamins; the 
failure to support patients with a trace metal preparation will result in 
inevitable serum depletion and, over the long term, the clinical syndromes 
of zinc and copper deficiency (44—48). The relative importance of selenium 
and chromium deficiencies are now being elucidated. Plasma deficiencies of 
choline have been identified, and whether or not TPN solutions should be 
supplemented with choline awaits the results of a prospective randomized 
study (48a). Essential fatty acid deficiency will uniformly develop if essen- 
tial fatty acids are not provided (47, 49), with 1000 cc of fat emulsion per 
week being adequate for prevention. 

The current concerns about possible metabolic defects accompanying 
excess glucose loads may mean that use of intravenous fat as a caloric source 
rather than as an essential fatty acid source will become more widespread 
(50). Given the wide disparity in cost, this will depend upon proven efficacy. 
It is well appreciated that high-dose glucose infusion can, on occasions, 
precipitate lactic acidosis in the cancer-bearing host (51). Of great interest 
are some recent animal studies suggesting that a TPN mixture high in fat 
calories showed the best relative host preservation without tumor stimula- 
tion, of the mixtures, employed (52). 

The current concerns about the use of intravenous iron dextran seem to 
be overemphasized, and we have begun to add iron to the parenteral nutri- 
tive mixture in an effort to determine iron requirements (53). It is clear that 
with current aggressive blood, plasma, and serum value monitoring, the 
patient can easily lose by venesection a unit of blood every 2—4 weeks. This 
is a loss to the body iron stores of approximately 200 mg. 


TUMOR STIMULATION The question of whether or not nutritional sup- 
port is really “feeding the tumor” must be raised. Here the data are virtually 
nonexistent. In animals, host preservation without marked tumor growth 
stimulation can be demonstrated in short-term studies of intravenous nutri- 
tion when compared to anorectic cancer-bearing controls (54-56). 

A recent observation that long-term animal TPN resulted in host mainte- 
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nance and increased tumor size but no prolongation of survival awaits 
confirmation (M. B. Popp, S. D. Morrison, M. F. Brennan, unpublished 
observations). The question of nutrition stimulating tumor growth is inad- 
vertently addressed each time a cancer patient on TPN receives what proves 
subsequently to be ineffective anticancer therapy. Indeed, in one random- 
ized study, patients with metastatic colorectal cancer receiving ineffective 
chemotherapy were randomized to TPN or no TPN: The survival time was 
shorter in the TPN-supported group (57), though stimulation of measurable 
tumor burden was not identified as the cause of early death (57). In a panel 
report presented by the NIH, no documented tumor stimulation in man was 
reported, (58). 


Clinical Trials 


There are innumerable reports attesting to the benefits of total parenteral 
nutrition in the cancer-bearing host (26-28, 59). All of these studies suggest 
that intravenous nutritional support can be life-saving in some patients 
undergoing aggressive therapy for cancer. 

The more difficult question of the exact role that nutritional support 
should play in the management of the cancer patient is only now being 
examined in a critical manner. The initial study, in which only those pa- 
tients with greater than 6 percent body weight loss who received TPN 
responded to their chemotherapy for non-oat-cell carcinoma of the lung, 
received tremendous emphasis (60). This retrospective study, highlighted 
some of the problems in the evaluation of response and the role of nutri- 
tional support in that response. Since that time, a number of prospective 
randomized studies have been initiated and are beginning to be reported 
(Table 2). The results have certainly not been dramatic in terms of tolerance 
to therapy whether radiation, chemotherapy, surgery, or combinations of 
all three, no decrease in the nadir of the white count or platelet having been 
demonstrated (66, 68) except in the granulocyte series in one study (64). 
Operative deaths were not different in two studies (61, 62, 65) nor was 
tolerance to x-ray therapy (63) or chemotherapy (66). The metabolic effi- 
cacy of the TPN employed highlights some of the problems mentioned 
above. Although weight gain occurred in some patients when compared to 
controls who did not receive TPN (41, 61, 62, 64), others showed diminu- 
tion in weight loss (28, 41, 69, 70). Decrease in complications of therapy 
was seen in only one study (70). 


Summary and Conclusions 


There can no longer be any doubt that selected patients, for whom effective 
antineoplastic therapy is either available or has been given, can be prevented 
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from dying from malnutrition due to inadequate oral intake by the judicious 
use of TPN. Total parenteral nutrition can now be a safe, practical, and 
most efficacious way of reversing malnutrition. Extrapolation from these 
dramatic examples to all patients with cancer who have minimal malnutri- 
tion or-ineffective neoplastic therapies is not justified. The exact indications 
for the use of nutritional support by the intravenous route in the patient 
with cancer are still being evaluated. TPN can, like saline, be life saving 
(71). We should, in 25'years, achieve the critical appraisal of TPN that it 
has taken 150 years to accomplish for intravenous saline (72). 
Table 2 TPN in the management of cancer: randomized trials and clinical efficacy 








Number of 
Reference "patients Therapy? 
6l. ‘TPN 30 S, 
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MAGNESIUM DEFICIENCY 


Introduction 

Since magnesium is a prominent lenient? in the earth’s crust and in sea 
water, it is not surprising that it is incorporated into the metabolic processes 
of all living things. In plants, magnesium is essential for the photobiosynthe- 
sis of ATP and the synthesis of plant carbohydrate. In animals, magnesium 
is essential for any enzymatic reaction requiring ATP, including oxidative 
phosphorylation. Therefore, DNA transcription, RNA aggregation, pro- 
tein synthesis, and a host of plasma.membrane functions depend on an 
optimal concentration of magnesium (1). 

Magnesium is ubiquitous in food stuffs. This wide availability, along with 
efficient renal and gastrointestinal mechanisms controlling magnesium con- 
servation, makes pure magnesium deficiency an uncommon entity. When 
it occurs it is usually associated with disease states whose symptoms may 
obscure the presence of magnesium deficiency. This is probably why mag-. 
nesium deficiency was not recognized as a potential clinical problem until 
1932 when Kruse et al (2) described experimental magnesium deficiency in 
the rat. This study was quickly followed by reports of clinical symptoms in 
patients with hypomagnesemia (3). Since that time experimental studies in 
animals and humans have clearly defined the physiological consequences (4, 
5) of magnesium depletion. 


Definition 

In the last review of magnesium deficiency in this publication, Gitelman & 

Welt (6) stressed the difficulty in precisely defining a state of magnesium 
'Suported in part by Grant CIA NIAM DD 1 k08AM00371-01. 
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deficiency. This problem still exists. Magnesium is the fourth most abun- 
dant cation in the body, but over 99% is either intracellular or in the 
skeleton. Thus the measurement of plasma magnesium concentration may 
not reflect the true total body magnesium content (7). Muscle, erythrocyte, 
and bone magnesium content also have been measured to assess their value 
as indices of magnesium deficiency. Muscle magnesium content decreases 
‘in magnesium depletion (8), but not rapidly (©, 10), and it does not correlate 
well with either plasma, erythrocyte, or bone magnesium content (10). 
Erythrocyte magnesium concentration appezrs to decrease only after pro- 
longed magnesium depletion (4, 9-11). This suggests that erythrocyte mag- 
nesium content depends mainly on the extracellular magnesium 
concentration during hematopoiesis (11). Magnesium in bone, which ac- 
counts for about 60% of the total body magnesium, is either incorporated 
into the mineral lattice or remains in an elutable surface-limited mineral 
pool (12). This latter fraction accounts for about one third of the mag- 
nesium in bone (13). It is this fraction of bore magnesium that best corre- 
lates with the plasma magnesium concentration and may serve as a reservoir 
for the maintenance of a normal plasma magnesium concentration (12, 13). 
Since this pool of magnesium is difficult to assess, the plasma magnesium 
concentration remains the index by which most clinicians determine 
whether or not a state of magnesium deficiency exists. 

The total plasma magnesium concentration in man, of which 65-75% is 
diffusible, is usually 1.5-2.0 meq/liter and appears to be tightly held within 
this range. A plasma concentration of less than 1.5 meq/liter presumably 
indicates some degree of magnesium depletion. Magnesium deficiency has 
also been documented in patients with levels above 1.5 meq/liter (7, 15). 

In patients with borderline evidence of magnesium deficiency it may be 
useful to evaluate the amount of magnesium excreted in the urine following 
an infusion of magnesium (14). Normal subjects excrete at least 80% of an 
intravenous magnesium load in the urine within 24 hours, whereas patients 
with magnesium deficiency excrete less. 


Disorders Causing Magnesium Deficizncy 


Magnesium deficiency is usually secondary to excessive losses of magnesium 
from the body. This loss most commonly occurs from the kidney or gas- 
trointestinal tract. Nutritional magnesium deficiency is rarely if ever seen, 
but reducing dietary magnesium during acut2 and chronic illness will has- 
ten the, onset of symptomatic magnesium deficiency. Table 1 outlines the 
causes of magnesium deficiency. 


GASTROINTESTINAL Magnesium appears to be absorbed along the en- 
tire small intestine and also to some extent in the large bowel (16). Early 
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A. Gastrointestinal disorders 


. Malabsorption syndromes 


. Renal loss (continued) 


l 6. Alcohol 

2. Extensive bowel resection 7. Starvation 

3. Intestinal and biliary fistulas 8. Renal diseases 

4. Chronic diarrhea 

5. Acute pancreatitis a. Chronic pylonephritis and 
6. Protein-calorie malnutrition glomerulonephritis 

7. Primary hypomagnesemia b. Diuretic phase of ATN 

B. Renal loss c. Postobstructive nephropathy 

1. Chronic parenteral fluid therapy d. Renal tubular acidosis 
. 2. Hypercalcemia e. Postrenal transplant 

3. Primary aldosteronism 9. Primary hypomagnesemia 

4. Drugs . Endocrine and metabolic 


a. Diuretics 1. Hungry bone syndrome 
b. Cisplatin 2. Hypoparathyroidism 
c. Gentamicine 3. Hyperthyroidism 
d. Cardiac glycosides 4. Hypothyroidism 
5. Osmotic diuresis 5. Phosphate deficiency 
a. Glucose 6. Excessive lactation 
b. Mannitol 7. Protein caloric malnutrition/low 
c. Urea protein diet 


studies in rats suggested that the distal small bowel is the major site of 
magnesium absorption (17). These data correlate well with a high incidence 
of magnesium deficiency in disease of the distal small bowel in man. Resec- 
tion or bypass of the ileum for various reasons, such as obesity, enteritis, 
or vascular infarction, frequently causes magnesium deficiency (18-21). 
Malabsorption syndrome secondary to nontropical sprue (21, 22) is asso- 
ciated with hypomagnesemia in 66% of cases (23). Radiation damage to the 
intestinal mucosa, Whipple’s disease, and intestinal lymphectasia may also 
result in magnesium depletion (15, 21, 24). Steatorrhea may cause or poten- 
tiate magnesium malabsorption through formation of nonabsorbable mag- 
nesium-lipid salts (21). 

Excessive loss of gastrointestinal fluids may create a significant negative 
magnesium balance (14). While gastric and biliary fluid contain relatively 
little magnesium (1-2 meq/liter), loss of large volumes from nasogastric 
suction or intestinal and biliary fistulae produces magnesium deficiency (7, 
14, 24, 25). Secretions from the lower intestinal tract may be quite high in . 
magnesium content (10-15 meq/liter) (7, 14). Prolonged diarrhea compli- 
cating ulcerative colitis, regional enteritis, laxative abuse, intestinal infec- 
tions, and protein calorie malnutrition may cause profound magnesium 
deficiency (26-29). 

A selective primary defect in the intestinal absorption of magnesium is 
a rare cause of magnesium deficiency (30, 31). This disorder becomes appar- 


248 RUDE & SINGER 


ent during infancy and usually is diagnosed efter the onset of hypocalcemia 
and seizures. 

Acute hemorrhagic or edematous pancreatitis may produce hypomag- 
nesemia (32). The pathogenesis of this is unclear but could be related to 
deposition of magnesium in the necrotic peripancreatic fat, 


RENAL The kidney is the primary organ concerned with the fine regula- 
tion of magnesium metabolism. During magnesium deprivation, urinary 
magnesium excretion decreases to less than 1 meq/day (33). The renal 
handling of magnesium in man involves glomerular filtration of the diffusi- 
ble fraction of plasma magnesium and reclamation by tubular reabsorption. 
The major site of magnesium reabsorption is the thick ascending limb of 
Henle (50-70%), while 15-20% of filtered magnesium is reabsorbed at the 
proximal tubule (34). 

Magnesium reabsorption appears to be linked with calcium and sodium. 
Infusion of either of these cations increases renal magnesium excretion (35, 
36). It is not surprising then that diseases, associated with hypercalcemia 
and hypercalciuria may result in hypomagnesemia. Examples include pri- 
mary hyperparathyroidism, hypercalcemia of malignancy, and vitamin D 
intoxication (1, 26, 37). Intravenous saline infusion as well as volume expan- 
sion due to intravenous fluids or primary aldosteronism, also enhances renal 
magnesium excretion (1, 24, 36). 

A number of drugs may produce renal wasting of magnesium. Diuretics, 
particularly the loop diuretics furosemide and ethacrynic acid, may cause 
significant magnesium diuresis (1, 38, 39). Cardiac glycosides also cause an 
increase in urinary magnesium excretion. This may potentiate the mag- 
nesium loss caused by diuretic therapy. Renal tubular damage from gen- 
tamicin (41) and cisplatin (42) may result in a reversible defect in renal 
magnesium conservation. Osmotic diuresis secondary to hyperglycemia, 
mannitol, or urea also increases urinary magnesium excretion (39, 43). 

Alcoholism is frequently associated with magnesium deficiency and 
hypomagnesemia (1, 39). While the pathogenesis is usually multifactorial, 
involving dietary deprivation and diarrhez, a rising blood alcohol level 
increases urinary magnesium excretion (44). The mechanism is unknown. 

During periods of starvation or fasting the urinary excretion of mag- 
nesium increases (45). Associated with this loss is the development of 
ketosis and metabolic acidosis. The acidos:s may conceivably impair the 
ability of the renal tubule to reabsorb magnesium. Release of magnesium 
from bone may also contribute to the hypermagnesuria (45). 

A number of diseases that cause renal tubular damage also cause renal 
magnesium wasting. Prominent among these are postobstructive nephropa- 
thy, the resolving phase of acute tubular necrosis, chronic glomerulonephri- 
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tis and pyelonephritis, and post renal transplantation (1, 46). Renal tubular 
acidosis may also cause magnesium loss (1, 39). A primary defect in the 
renal reabsorption of magnesium has been reported (47, 48). Accompanying 
features of this disorder were nephrocalcinosis and hypokalemia. 


ENDOCRINE AND METABOLIC Primary hyperparathyroidism may oc- 
casionally be associated with hypomagnesemia (37, 49, 50). As discussed 
above, this is probably secondary to the effect of calcium on the renal 
handling of magnesium. Profound hypomagnesemia with hypocalcemia 
and hypophosphatemia may be seen following surgical correction of hyper- 
parathyroidism (51, 52). This is thought to be due to the “hungry bone 
syndrome,” the healing phase of osteitis fibrosa during which increased 
amounts of calcium, magnesium, and phosphate are deposited in bone. 

Hypomagnesemia is an infrequent finding in patients with hypopara- 
thyroidism (53). The hypomagnesemia might result from renal magnesium 
wasting in the absence of parathyroid hormone, a hypothesis based on the 
observation that parathyroid extract acutely decreases urinary magnesium 
excretion in hypoparathyroid patients (54). Recent evidence indicating that 
endogenous parathyroid hormone does not alter renal handling of mag-. 
nesium is at odds with this hypothesis (55). 

Magnesium metabolism is altered in hyperthyroidism and hypothyroi- 
dism (56). Thyrotoxic patients have a decreased serum magnesium concen- 
tration along with increased urinary magnesium excretion. Intracellular 
magnesium concentration is normal. Conversely, hypothyroidism is asso- 
ciated with a mean increase in the serum magnesium concentration, de- 
creased urinary magnesium excretion, and a low intracellular magnesium 
concentration (56). The mechanisms responsible for these changes are un- 
known. 

Experimental phosphate deficiency has been shown to result in hypomag- 
nesemia in the rat and man (57, 58). The mechanism is apparently related 
to increased urinary magnesium excretion: Hypophosphatemia is common 
in clinical medicine and may therefore play an important role in the mag- 
nesium deficiency syndrome in man. 

An important component of protein-calorie malnutrition in children is 
the development of magnesium depletion. These children may be either 
hypomagnesemic or normomagnesemic with low urinary magnesium excre- 
tion. Muscle magnesium content is very low (29). The mechanism by which 
the magnesium depletion occurs is unknown but is probably related to 
dietary magnesium deprivation and attacks of gastroenteritis (29). Hypo- 
magnesemic tetany has been described in one woman with excessive lacta- 
tion of 2400 ml of milk per day (59). 
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Manifestations 


BIOCHEMICAL Hypomagnesemia is the index by which a diagnosis of 
magnesium deficiency is made. Although atout 30% of magnesium in the 
circulation is bound to albumin, corrections of the total plasma magnesium 
concentration in hypoalbuminemic patients are not generally made. There 
is no routine. method for measuring ionized magnesium concentration. 

It is widely recognized that moderate to severe magnesium deficiency 
may result in hypocalcemia in most species studied (1, 5, 15). An exception 
is the rat, in which hypercalcemia develops if the animal is on a normal 
calcium diet (1, 5). The pathogenesis of the hypocalcemia is of great interest. 
Impaired function of the parathyroid gland was implicated based on the 
observation that circulating immunoreactive parathyroid hormone (IPTH) 
was low in a number of magnesium-deficient hypocalcemic patients (15). 
This concept was confirmed by studying the levels of IPTH after rapid 
normalization of the serum magnesium concentration (60). An intravenous 
injection of magnesium produced a marked increase in IPTH concentration 
within minutes (60). An example of such a response in a magnesium- 
deficient hypocalcemic patient is shown in Figure 1. Similar responses were 
found in magnesium-deficient hypocalcemic patients in whom basal IPTH 
levels were normal or elevated (60). This suggests that impaired parathyroid 
hormone (PTH) secretion is a consistent abnormality in these patients. The 
immediate release of PTH after magnesium injection indicates that the 
biosynthesis of PTH is not abnormal. 

End-organ resistance to PTH has also been demonstrated in hypocal- 
cemic magnesium deficiency (5, 15). Impaired generation of cyclic AMP as 
determined by the urinary excretion of cyclic AMP in response to para- 
thyroid extract has been shown in some, but not all, patients with severe ` 
magnesium deficiency (15). The response to parathyroid extract seems to 
depend on the severity of magnesium depletion. Skeletal resistance to PTH 
has also been proposed as a factor ‘contributing to the hypocalcemia. The 
finding of normal or increased sérum IPTH concentrations in hypocalcemic 
magnesium-deficient patients supports this contention (15, 60). A subnor- 
mal calcemic response to parathyroid extract has been reported in a number 
of such patients (61, 62). The concept of skeletal resistance to PTH action . 
is further supported by in vitro studies demonstrating that PTH produced 
submaximal release of calcium from bones of magnesium-deficient rats (63). 

The nature of the mechanisms by which magnesium deficiency impairs 
‘PTH secretion.and action has been sought in the adenylate cyclase-cyclic 
AMP system. The stimulation of PTH secretion by hypocalcemia is me- 
diated by plasma-membrane-bound adenylate cyclase (64). Recently it was 
demonstrated that the human parathyroid gland adenylate cyclase is mag- 


MAGNESIUM DEFICIENCY AND EXCESS 251 


Mgt* 300mg I.V. M.Z. 
TE 
2 6 
> eee eR, 
8 qu : 
E 2.0 
8 — 
> 10 
€ 
2 
= o 
œ 
w 
n . 
z 1200 KH, 
M 
o 
a 
= 
We O a a ey ee a ee 
t 





; DETECTABLE. 
(a) { 2 3 4 5 

MINUTES 
Figure] The effect of an intravenous injection of 300 mg elemental magnesium on the plasma 
concentration of calcium, magnesium, and IPTH in a hypocalcemic magnesium deficient 
patient. (Reprinted from Reference 15 with permission of publisher.) 


nesium dependent (65). Evidence for depressed activity of renal adenylate 
cyclase has been provided by studies which demonstrated that urinary 
cyclic AMP excretion was reduced in response to parathyroid extract ad- 
ministration (15). Skeletal resistance to PTH could also be explained by 
reduced adenylate cyclase activity, since in isolated perfused bond from 
magnesium-deficient dogs there was impaired generation of cyclic AMP 
(66). 

Finally, the hypocalcemia of magnesium deficiency is resistant to the 
-action of vitamin D (67, 68). The nature of this resistance is not known but 
perhaps a defect in vitamin D metabolism and/or action is a contributing 
factor. , 

Hypokalemia is a frequent finding in magnesium deficiency (4, 47). It 
develops secondary to impaired ability of the kidney to reabsorb K* (4). 
Renal K* wasting and decreased intracellular Kt (4, 9, 69) are thought to 
be related to an impaired ability of the Na-K pump to maintain normal 
intracellular concentrations of K+ and Na*. The impairment of ion trans- 
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port is probably explained by the magnesium dependency of adenosine 
triphosphatase, an enzyme required for normal function of the Na-K pump 
(70). 


NEUROMUSCULAR Patients with magnesium deficiency usually present 
with symptoms and signs involving the neuromuscular system (1, 4, 5, 
19-21, 24, 25, 27, 28, 30, 31, 39, 47, 48). Positive Chvostek’s and Trous- 
seau’s signs and frank tetany are common (24-28, 59). Since severe mag- 
nesium deficiency is frequently associated with hypocalcemia, it has been 
suggested that these manifestations of neuromuscular irritability may be 
secondary to the hypocalcemia. A report of hypomagnesemic normocal- 
cemic patients with tetany documents that magnesium deficiency per se can 
cause this problem (28). Muscle tremors, fasciculations, wasting, and weak- 
ness may occur in chronic magnesium deficiency (24, 25, 27, 71). Although 
infrequently seen, athetoid and choreoiform movements are manifestations 
of magnesium deficiency (24, 25, 27, 71). Central nervous system symptoms 
such as nystagmus, ataxia, and vertigo as well as psychiatric abnormalities 
have been reported (24, 26, 27, 71) 


CARDIOVASCULAR An important and serious clinical manifestation of 
magnesium deficiency is cardiac arrhythmia (72-76). Chronic magnesium 
deficiency results in changes in the electrocardiogram such as pro- 
longed P-R and Q-T intervals and flat, broad T waves (74, 77). These 
changes are similar to those seen in hypokalemia, and lead one to speculate 
that these changes are secondary to the effect of magnesium depletion on 
potassium metabolism (76, 78) as discussed above. Arrhythmias such as 
premature ventricular beats, ventricular tackycardia, and ventricular fibril- 
lation have been reported (72-76). The potential role of magnesium defi- 
ciency in triggering such arrhythmias must be kept in mind since standard 
antiarrhythmic drug therapy may be ineffective in controlling ventricular 
arrhythmias associated with magnesium deficiency (72, 73, 76). In some 
cases, only magnesium therapy will terminate the arrhythmia (72, 73). 
An increased susceptibility to digitalis intoxication has been observed 
both clinically and experimentally in magnesium deficiency (79-81). It has 
been suggested that this is due to an enhanced effect of digitalis on intracel- 
~ lular potassium depletion (81). Both digitalis administration and mag- 
nesium deficiency reduce intracellular K+ dy inhibiting the Na-K pump 


(81). 


GASTROINTESTINAL Dysphagia has recently been associated with mag- 
nesium deficiency (82, 83). The dysphagia is completely reversible with 
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magnesium repletion. An increase in neuronal excitability and neuromuscu- 
lar transmission has been suggested as the cause of the esophageal spasm 
(82). 


HEMATOLOGIC Magnesium deficiency may result in an anemia charac- 
terized by a shortened erythrocyte survival, reticulocytosis, spherocytosis, 
microcytosis, and erythroid hyperplasia of the bone marrow (84). This has 
been demonstrated in experimental magnesium deficiency in man and ani- 
mal, as recently summarized (84). The mechanism of the anemia is unclear 
but has been attributed to both increased destruction of erythrocytes in the 
spleen and to intravascular hemolysis. 


Therapy 


Symptomatic magnesium deficiency should be treated with magnesium 
salts. Patients with mild deficiencies may receive sufficient magnesium from 
their diet if they are able to eat. It should be recognized that the correction 
of hypocalcemia and hypokalemia along with resolution of symptoms of 
magnesium deficiency require therapy with magnesium. Treatment with 
vitamin D, calcium, or potassium will not correct the mineral imbalance 
(30, 31, 67, 68, 78). Prior to the administration of magnesium salts, renal 
function should be assessed. If the patient has a lowered glomerular filtra- 
tion rate, the replacement dose of magnesium must be reduced as mag- 
nesium intoxication may result. Daily. serum magnesium concentrations 
must be determined if renal function is impaired. 

An effective regimen of magnesium replacement is 1.0 g of MgSO,7H,O 
(8.13 meq Mg) every 4-6 hours for five days. If the intramuscular route is 
to be used, a 50% solution is available. If the patient requires intravenous 
infusions, the magnesium can be given in the infusion throughout the day. 
This is tolerated better than the painful, intramuscular magnesium injec- 
tions. If necessary up to 100 meq/day for five days may be safely adminis- 
tered to patients with normal renal function. In our experience a dose of 
32-48 meq magnesium per day will maintain a serum magnesium concen- 
tration at 2-2.5 mg/dl in most magnesium-deficient patients (15). 

Magnesium equilibrates slowly with the intracellular compartment (11). 
In most hypocalcemic patients the serum calcium returns to normal four 
to five days after the onset of magnesium therapy (15). Therefore therapy 
should continue for at least a five-day period. If the patient after this time 
is still not eating and/or there is continuing magnesium loss, a daily main- 
tainence dose of 8-10 meq magnesium should be. instituted. 

When magnesium losses are continuous, oral magnesium supplements in 
the form of sulfate, lactate, hydroxide, chloride, or glycerophosphate can 
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be given. The amount of magnesium required will depend on the extent and 
route of loss. The symptoms of magnesium deficiency have been controlled 
by 10-160 meq magnesium daily (30, 31, 43). 


MAGNESIUM EXCESS 


Introduction 

Symptomatic hypermagnesemia is an uncom-non clinical problem although 
mild hypermagnesemia is not rare in a hospital population. Magnesium 
intoxication is most likely to occur when magnesium is administered as a 
therapeutic agent (1, 3, 85, 86). , 


Causes of Hypermagnesemia 


EXCESSIVE INTAKE The oral ingestion of magnesium has rarely been 
reported to result in magnesium intoxication without coexisting renal fail- 
ure. Rectal administration of magnesium may inexplicably cause hyper- 
magnesemia in patients with normal renal function (85). 


IMPAIRED EXCRETION The kidney is the major organ concerned with 
regulating magnesium metabolism. As glomerular filtration rate falls, uri- 
nary magnesium excretion also decreases (87). Hypermagnesemia is usually 
seen in patients with chronic renal failure when the glomerular filtration 
rate falls below 10-30 ml/min (3, 85, 87). Magnesium intoxication is most 
common in patients with chronic renal failure who have been receiving 
magnesium-containing antacids, enemas, or infusions (3, 30, 85, 87). Exces- 
sive dialysate magnesium also reportedly causes symptomatic hypermag- 
nesemia (85). f 

Acute renal failure has also been associated with hypermagnesemia. The 
mean maximal serum magnesium values reported vary from 2.6-3.8 meg/- - 
liter. Azotemia, acidosis, rhabdomyolysis, and continued magnesium intake 
appear to be contributing factors (85). 


PARENTERAL ADMINISTRATION Inappropriate administration of 
magnesium is infrequently encountered. Intraperitoneal magnesium given 
inadvertantly to two patients with a perforated viscus resulted in magne- 
sium intoxication (85). Parenteral magnesium therapy is the treatment of 
choice in toxemia of pregnancy. Optimal blood levels of 4-7 meq/liter may 
cause symptoms of magnesium excess (1, 85). Overzealous therapy and/or 
inadequate monitoring of the plasma magnesium concentration could result 
in severe magnesium intoxication. Hypermagnesemia in the newborn has 
been reported following the administration of magnesium in the treatment 
of toxemia of pregnancy (25, 86). 
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OTHER CAUSES Mild to moderate degrees of hypermagnesemia occur in 
lithium ingestion, hypothyroidism, milk-alkali syndrome, viral hepatitis, 
and Addison’s disease (for review, see 85). 


Manifestations 


BIOCHEMICAL The plasma magnesium concentration usually exceeds 4 
meq/liter before any signs or symptoms of magnesium excess appear (1, 25, 
85). Mild to moderate hypermagnesemia may remain unnoticed unless a 
high index of suspicion exists and a plasma magnesium concentration is 
determined. At magnesium concentrations greater than 4 meq/liter the 
manifestations of hypermagnesemia as described below may develop. 

Parenteral administration of magnesium lowers plasma calcium concen- 
tration in both normal and hypoparathyroid man (53, 85, 86). Suppressed 
parathyroid hormone secretion and/or impairment of the peripheral effects 
of parathyroid hormone may be the major factors responsible for the hypo- 
calcemia in parathyroid intact subjects (86, 88). The reduction of plasma 
calcium in hypoparathyroid patients is unexplained. Excess magnesium has 
been reported to impair clotting and may play a role in uremic clotting 
disorders (85). 


NEUROMUSCULAR Hypermagnesemia may result in symptoms refera- 
ble to the neuromuscular system (3, 25, 26, 85, 89). Excessive magnesium 
decreases the impulse transmission across the neuromuscular junction. A 
decrease in postsynaptic membrane responsiveness and an increase in the 
threshold of axonal excitation also impair neuromuscular function (85, 89). 
Clinically, one of the earliest effects of magnesium intoxication is a decrease 
or disappearance of the deep tendon reflexes which may occur at plasma 
magnesium levels of 4 meq/liter (1, 25, 85). Somnolence is seen at levels of 
4-7 meq/liter and paralysis of voluntary muscles at 10 meq/liter or greater. 
The latter may impair respiratory function and during severe magnesium 
intoxication apnea may occur (1, 25). As a general guideline, when the deep 
tendon reflexes are absent, respirations should be closely monitored 


CARDIOVASCULAR Various electrocardiographic changes. are asso- 
ciated with elevations in the plasma magnesium concentration. An increase 
in the P-R interval and intraventricular conduction defects with increased 
QRS duration and QT interval occur at plasma magnesium concentrations 
of 5-10 meq/liter. Complete heart block may occur at levels greater than 
15 meq/liter. High concentrations of magnesium inhibit cardiac con- 
tractions and decrease membrane excitability. Cardiac arrest in asystole 
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may occur at plasma magnesium concentrations of 15 meq/liter (85, 89). 
Moderate elevation in the plasma magnesium concentration (4-5 meq/liter) 
may result in bradycardia and mild supine and orthostatic hypotension. 
Proposed mechanisms have recently been reviewed (85). 


OTHER Early nonspecific manifestations of magnesium intoxication in- 
clude nausea, vomiting, and cutaneous flushing. These symptoms may ap- 
pear at plasma magnesium concentrations of 3-9 meq/liter. 


Therapy 

The plasma magnesium concentration should be monitored in those pa- 
tients at greatest risk for the development of hypermagnesemia; that is, 
patients with renal failure and/or patients receiving magnesium-containing 
medications. Patients with mild to moderate hypermagnesemia who are 
receiving magnesium should have the medication discontinued. Renal ex- 
cretion of magnesium will decrease the plasma magnesium concentration 
and resolve the symptoms of magnesium excess. Patients with higher eleva- 
tions of the plasma magnesium and severe symptoms of magnesium intoxi- 
cation may require more aggressive therapy. Calcium will transiently 
reverse the symptoms of magnesium excess. The usual dose is a 5-10 minute 
infusion of 100-200 mg of elemental calcium as either the gluconate or 
chloride salt (90). Peritoneal dialysis or hemodialysis will rapidly and effec- 
tively lower the plasma magnesium concentration. This mode of therapy is 
especially beneficial if renal function is impaired (85, 90). 
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Introduction 


_ The term amyloidosis encompasses a heterogeneous group of disorders, 
some systemic and some peculiar to particular organ systems or cell types, 
some clearly pathologic and some concomitants of normal processes such 
` as aging. Common denominators for these diverse conditions are structural 
peculiarities of certain proteins that render them amyloidogenic, as well as 
defective processing at the tissue level that results in the polymerization and 
proteolytic cleavage of these proteins. We outline here some features of 
amyloidogenesis that have become apparent from recent studies. The reader 
is referred to several reviews (1-3) and three international symposia (4-6) 
for further information. 


Structural Components of Amyloid Fibrils 


Tissue amyloid has traditionally been defined by its distinctive tinctorial 

and ultrastructural properties (Table 1). Electron microscopic analysis of 

amyloid deposits from a variety of sources show characteristic fibrils; in 

extracted amyloid, a minor component with a pentagonal configuration 
(P-component) has also been identified (Table 2). 


1The US Government has the right to retain a nonexclusive royalty-free license in and to 
any copyright covering this paper. 
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Table 1 Criteria for the definition of amyloid 








. Homogeneous hyaline extracellular material on routine sections. 

. Crystal violet metachromasia and positive congo red staining. 

. Apple green positive birefringence after staining with alkaline congo red. 

. Fibrillar ultrastructure; ?P-component (AP) in extracted material. 

. Forms opalescent suspensions in low ionic strength solutions, but precipitates in NaCl 
>0.0075~0.01 M. ; ; 

. 6. Composed of low molecular weight subunit proteins, dissociable in dilute acid or alkali, 

urea formate, guanidine, or sodium dodecyl! sulfate (SDS). 


MA Bw whe 





Early methods for extraction of crude amyloid prepdrations utilized 
sucrose gradients (7) or “top-layer” preparations after homogenization and 
differential centrifugation (8). In 1968, a method was described for the ` 
isolation of amyloid fibrils in high yield, based on their property of forming 
opalescent colloidal suspensions following homogenization in low ionic- 
strength solutions (9). Studies of these preparations by x-ray diffraction (10) 
and infrared spectroscopy (11) revealed a predominantly beta-pleated sheet 
configuration of fibrillar proteins that is responsible for characteristic congo 
red binding and birefringence. Crystal violet metachromasia, on the other 
hand, appears to be due to mucopolysaccharides intimately associated with, 
-` but not an integral component of, the amyloid fibril (12). Subsequent bio- 
chemical studies revealed all fibrils, regardless of source, to be composed of 
low molecular weight subunit proteins that differ depending on the type of 
amyloid and may, in some instances, be derived from serum precursors (2). 
A nomenclature has been proposed to classify amyloid proteins derived 
from systemic, local, and heredofamilial variants of amyloidosis (6) (Table 


Table 2 Ultrastructural components of tissue amyloid 








Fibril ` P-component (AP) 
Contribution ~95% ~5% 
Appearance 100-150 A diameter laterally stacked rods of 
. variable length ` variable length; 


ring of 5 globular subunits 
in cross section 


Carbohydrate content minimal glycoprotein (~ 11%) 

Solubility water saline , 

Immunogenicity ` poor good S 

Physical properties tends to polymerize calcium-dependent binding 
under physiologie to polyanions 


conditions 
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3). The P-component constitutes 5-10% of the dry weight of all amyloid 

„substances in man and in all experimental animals. Ultrastructurally, it 
looks like a doughnut consisting of five subunits in cross-section, which, 
when stacked one on top of the other, assume a rod-like appearance (14). 
P-component corresponds to a serum alpha globulin with a molecular 
weight (MW) of about 220,000, which consists of ten subunits, each with 
a MW of approximately 23,000 (15-17). It has striking structural homolo- 
gies to C-reactive protein (18), but unlike C-reactive protein it does not 
behave as an acute phase reactant (19). The tendency of P-component to 
bind to Sepharose® beads in the presence of calcium and to dissociate in 
EDTA is the basis of a procedure for its isolation from serum (20). 


Light Chain-Related Amyloid 

The major protein component associated with primary and myeloma- 
associated amyloid (AL) was shown to be derived from immunoglobulin 
light chains by three types of experiments carried out by Glenner and 
collaborators in the early 1970s (21). Amino acid sequence (22) and peptide 
map studies (23) showed that the AL amyloid subunit had striking struc- 
tural homologies to immunoglobulin light chains, most commonly those of 


Table 3 Clinicopathologic and biochemical nomenclatures for amyloidosis 
Clinicopathologic i Fibril subunit protein (6) 


Primary (idiopathic) . . 
myeloma-associated AL (light chain related) 
macroglobulinemia 
pulmonary (nodular) 


Secondary ; 
chronic infections AA (nonimmunoglobulin) 
chronic inflammatory diseases K 
Familial Mediterranean Fever 


(FMF) 
Heredofamilial (excluding FMF) AF (prealbumin in some 
i neuropathic forms) 
Endocrine 
medullary thyroid carcinoma AEt (thyrocalcitonin) other 
diabetes mellitus prohormones (i.e. insulin 
and glucagon 
Senile : 
Cardiac AS,, AS.» (isolated atrial and 
. : generalized variants) 
Brain ` ASg 


Cutaneous f AD 
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the type. Subsequently it was shown that trypsin, pepsin (24, 25), and 
lysosomal enzymes (26) can convert certain immunoglobulin light chains, 
especially those of the À class, into fibrils with the appearance on electron 
microscopy of amyloid. Thirdly, immunological cross-reactivity between 
amyloid subunits and immunoglobulin light chains was demonstrable using 
antisera to the amyloid substance (27). 


AA Protein Amyloid 


The major subunit of the secondary type cf amyloid, and at least one 
familial form, that associated with Familial Mediterranean Fever, is the AA 
protein. The AA protein, which has been fully sequenced in man (28) and 
several lower species, generally consists of 76 residues and has a molecular 
weight of 8500. It has no structural homology with any known protein. The 
amino acid sequence of amyloid deposits obtained from different species 
shows striking conservation (29). It is of interest that many AA proteins 
show heterogeneity at both the amino and carboxy terminal ends. (28, 30). 
AA proteins obtained from patients with a variety of diseases have been 
found to be similar, but not identical. Most of the variability i is located in 
the carboxy terminal region. 

The origin of the AA protein remained somewhat of a mystery until the 
discovery of antisera that recognized the presence in serum of a closely 
related molecule known as the SAA (serum amyloid A related) protein (31). 
The SAA protein has an electrophoretic mobility of an a1-globulin and can 
be dissociated to a 12~14,000 dalton subunit (32), designated SAAL. SAAL 
exists in serum as a large complex with a MW variously estimated as 
100-200,000 (31, 33). It appears to circulate in close association with other 
serum proteins, particularly certain high density lipoproteins (34) and per- 
haps also serum albumin (35). Since the amino acid sequences of AA and 
SAA are identical for the first 76 residues (36), it seems likely that SAA 
gives rise to the AA protein by proteolytic cleavage of the carboxy terminal 
fragment. 


Other Protein Subunits 


The other types of subunits are more difficult to purify; consequently, their 
nature has not been defined as precisely. Prealbumin has been identified in 
the Portuguese Familial form (37) and a precursor of thyrocalcitonin in 
medullary carcinoma of the thyroid (38). The amyloid deposits in the 
pancreas that occur with aging and diabetes have not been well character- 
ized, but may be related to insulin and glucagon since these 6-pleated sheet 
molecules can be converted to fibrils by proteolysis (39). The senile type of 
- amyloid is difficult to study because of the small amounts present. The 
subunits in the senile deposits in the heart range in molecular weight from 


AMYLOIDOSIS 265 


5-12,000 and differ from the other well-characterized types of amyloid 
proteins (40, 41). 


Amyloidogenic Proteins 


Increased production of SAA or light chains is a prerequisite for, but does 
not necessarily result, in amyloid deposition (42, 43). Therefore, especially 
among L chains, there may be some whose variable region structure makes 
them more susceptible to the processing that leads to amyloidosis. Amyloid 
subunits can consist of fragments smaller than the variable region (22), 
intact Bence-Jones proteins (44, 45), or mixtures of fragments, always 
including the variable region (V;) but with differing lengths of the constant 
region (45). Clinically, amyloidosis shows a strong association with chain 
proteins (22, 46, 47), and one subclass designated as VA VI is almost always 
associated with amyloid deposits (2). 

The polymorphisms of SAA and AA proteins are much more subtle in 
different individuals. Although animal studies (48) warrant the speculation 
that some SAA molecules are more likely to be processed as fibrils than 
others, no sequence data in man has yet been obtained to corroborate this 
possibility, and it seems likely that differences in processing may be more 
important (see below). 


Proteolysis, Polymerization, and Persistence 


The proteases responsible for the conversion of SAA to AA have recently 
been partially characterized. In vitro, SAA degradation occurs in two steps, 
the first of which involves the formation of an intermediate with molecular 
weight and antigenic properties of AA protein. Degradation of the AA-like 
intermediate to smaller peptides is a separate event, and a defect in this step 
has been postulated in some instances to facilitate the accumulation of AA 
in tissue (49). The proteases responsible for both events are intimately 
associated with the cell surface of peripheral mononuclear cells and resem- 
ble elastases, based on the effect of specific inhibitors (50). Fibril formation 
may be due to polymerization (51) or binding to other serum or tissue 
ground substance proteins (34, 35). Though an amphipathic amino terminal 
helical segment (52) may be responsible in part for the association of SAA 
with high density lipoproteins (34), lipid is not a major constituent of 
fibril preparations (53). Proteolysis (24, 25) or thermal denaturation (54) 
of some light chains in vitro leads to the generation of the beta-pleated 
sheet fibrils. The resistance of the fibrils to proteolysis (55) and phagocy- 
tosis (56) and their poor immunogenicity (57) may explain the lack of 
tissue reaction around amyloid deposits as well as their persistence once 
formed. 
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Cellular Origin 

AL proteins derive from cells of B cell lineage (plasma cells, lymphocytes) 
(46, 60-62). In experimental murine amyloidosis of the AA type, reticulo- 
endothelial hyperplasia is an early feature. By contrast, in the later stages 
of the disease, tissue reaction around established deposits may be minimal 
(63). Replacement is partly responsible for T cell depletion (lymphopenia) 
_and depressed cell-mediated immunity, noted in humans (64) and experi- 
mental animals (65). Local synthesis of fibrils by contiguous macrophages 
was suggested by Smetana (66) and supported by the extensive histochemi- 
cal studies of Teilum (67). Short-term culture experiments using medullary 
thyroid carcinoma showed ongoing synthesis of amyloid in vitro (68). More 
recent work demonstrates the ability of splenic explants (69, 70) or 
monolayers (71) from casein-stimulated mice to produce amyloid fibrils, 
and possibly AA protein, in vitro. Of interest in this regard is the phenome- 
non of “transfer amyloidosis,” in which it has been possible to considerably 
shorten the induction phase of casein amyloidosis by adoptive transfer of 
splenic macrophage (72). Endotoxin or casein acutely augment SAA pro- 
duction in animals (73) and etiocholanolone has the same effect in human 
volunteers (74). SAA release depends on the production of a macrophage- 
derived inducer and can be abrogated by inhibitors of protein synthesis (75, | 
76). Direct assay of organ homogenates following injection of endotoxin, 
coupled with immunohistological studies, implicated the hepatocyte as the 
major source of SAA (77, 79). This conclusion was supported by the obser- 
vation that ethionine, a selective inhibitor of liver protein synthesis, was able 
to inhibit both SAA production and the appearance of tissue amyloid (78). 


Diagnosis 

Biopsy remains the mainstay of diagnosis. Anti-AA antiserum has proven 
‘particularly useful for immunohistological studies. Though some AL antis- 
era only recognize their homologous protein in tissue section, many AL 
deposits can be recognized with appropriate anti L-chain sera (80). AEt and 
AS (Table 3) proteins are unique and, in the latter case, perhaps organ- 
specific (81). The recent observation that paraffin-embedded AA amyloid 
loses specific congo red affinity following treatment with potassium perman- 
ganate, whereas AL and localized (AEt, AS, etc) amyloids do not (82), 
permits the examination of fixed material for retrospective studies. Ulti- 
mately, antisera will prove of use in diagnosing the different types of 
amyloidosis in tissue section. 


Therapy 
It is important to recall that clinical manifestations result from organ 
replacement and not tissue reaction, making supportive care an important 
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facet of treatment. Several reports have shown prolonged survival in pa- 
tients with renal amyloid maintained by dialysis or transplantation (83). 
Other reports have noted regression of secondary amyloidosis following 
adequate treatment of an underlying disease (13, 84). 

-Colchicine and some immunosuppressives may inhibit precursor protein 
synthesis. The former is effective prophylactically in Familial Mediter- 
ranean Fever (85), but has only been sporadically employed for other types 
or established amyloid. It is important to note that SAA is a normal serum 
protein, not uniformly associated with tissue amyloid, that may in fact serve 
an immunoregulatory function (86, 87). Alternatively, agents such as col- 
chicine or penicillamine may inhibit cells responsible for proteolysis or 
somehow enhance the tissue response that degrades and removes fibrils once 
formed. 

Most commonly, however, the patient with systemic amyloid presents at 
an advanced stage of the disease. Use of immunosuppressive therapy at this 
point has yielded generally disappointing results (88), though newer combi- 
nation regimens continue to be tested. The search for an agent capable of 
lysing established tissue deposits has recently focused on dimethylsulfoxide 
(DMSO), a drug capable of dissociating in vitro noncovalently bonded 
subunit proteins and of retarding experimental amyloidosis (89). Case 
reports have shown clinical reponse in some patients with advanced 
disease (90), but the overall efficacy and safety of this drug remain to be 
established. 


Conclusions 


Biochemical analysis of subunit proteins has made it clear that the different 
types of amyloid are really different diseases and that amyloidosis is a 
generic term. Protein subunits of the AL (“primary”) and AA (“second- 
, ary”) types have .exhibited heterogeneity of chain length and amino acid 
sequence that may extend to the soluble serum precursors from which they 
are derived. Since precursor overproduction may not always be associated - 
with tissue deposition, proteolysis, either locally or at a site distant from the 
source of synthesis, may be the more crucial factor in amyloidogenesis. 
Availability of protein subunits, and the production of monospecific antis- 
era to them, have opened up new diagnostic modalities and provided a more 
rational basis of classification for these disorders. 
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Introduction 

Preeclampsia, a hypertensive disorder peculiar to pregnancy, is associated 
with proteinuria, edema, and at times coagulation abnormalities. It occurs 
primarily in nulliparas, usually after the 20th gestational week and most 
frequently near term. Because preeclampsia can progress rapidly to a con- 
vulsive phase termed eclampsia, it is still a major cause of fetal and maternal 
morbidity and mortality. 

Few will contest the preceding description but the pathophysiology of 
this disease, and especially its management, are subjects of persistent and 
heated controversy. A recent mail survey in the United States was quite 
revealing: 86% of academic obstetricians condemned the use of diazoxide 
combined with diuretic administration when treating severe hypertension 
near term, while many nephrologists in this poll favored such therapy (1). 
There are similar arguments concerning the level to which maternal blood 
pressure should be decreased and the place of antithrombotic therapy in the 
management of pregnancy-induced hypertension. 


Problems in Diagnosis ; 
One of the reasons why the literature dealing with preeclampsia is confusing 
is that it is often impossible to distinguish clinically between preeclampsia, 
essential or secondary hypertension, renal disease, and combinations of - 
these separate entities. This is best illustrated in studies where the etiology 
of hypertension complicating pregnancy has been diagnosed by renal biopsy 
(cited in 2). Table 1 summarizes the experience at our institution, where of 
176 women biopsied postpartum because of hypertension complicating 
pregnancy only 56% had the renal lesion characteristic of preeclampsia (3). 
This diagnosis was most often incorrect in multiparas, and a surprisingly 
‘large number of women had unsuspected parenchymal renal disease. In 
2713 
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another study, in which an academic obsietrician and a nephrologist 
recorded their impressions prior to biopsy, an exact diagnosis was made on 
clinical grounds in only 58% of the patients (4). However, renal biopsies — 
are performed infrequently and investigators use other criteria to increase 
the accuracy of diagnosis, such as studying primigravid populations only, 
requiring that patients manifest both protemuria and hypertension, and 
relying on an increment in serum urate levels. Still, proteinuria may increase 
to the pathologic range during pregnancy in hypertensive women with 
nephrosclerosis or other renal parenchymal lesions (5), and serum urate 
levels can increase near term in normal pregnancy as well as in women with 
intrauterine growth retardation (6, 7). 

Another factor confounding the differential diagnosis of the hypertensive 
disorders in gestation is related to the physiclogical change in blood pres- 
sure that occurs during pregnancy. The diastolic blood pressure decreases 
early in normal gestation, and by midterm levels are about 10 mm Hg lower 
than those in nonpregnant patients (2, 8, 9). Blood pressure increases there- 
after, slowly approaching prepregnant values just prior to delivery. In some 
women with essential hypertension, mean blood pressure decreases to seem- 
ingly normal levels early in pregnancy. These women are then erroneously 
labeled preeclamptic when frankly hypertensive values are recorded near 
term. 

_ In summary, there are many problems in interpreting studies of pre- 
eclamptic (or “toxemic”) populations in which the diagnosis is based on 
clinical criteria alone, especially in series where many of the patients are 
multiparas. More reliable are reports restricted to primigravid women with 
hyperuricemia and proteinuria and whose midtrimester diastolic blood 
pressure was less than 70 mm Hg. With this background in mind we review 
current concepts of the pathophysiology of iia cea With few excep- 


“Table 1 Renal pathology in 176 hypertensive grav idas? 














Number-of p * 
Diagnosis . patients Primigravidas Multiparas 
` Preeclampsia? ; 96 79 17 
with nephrosclerosis 13 : a: 7 
with renal disease 3 rs a 2 
with both 2: : “1 - « 1 
Nephrosclerosis 19 °° 3 16 
with renal disease 4 _ 2 2: 
Renal disease 31 12 es 19 


Normal histology 8: 0 ow 8 





a From Reference 3. 
bOnly glomerular endotheliosis on biopsy. 
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tions, citations focus on studies reported after 1975; for reviews of the earlier 
literature, see Chesley (10) and Lindheimer & Katz (2, 11). 


Hypertension in Preeclampsia 


The blood pressure rise in preeclampsia usually occurs in late pregnancy!. 
However, midterm pressures, though still normal, are in fact higher in 
many (but not all) women who later manifest hypertension near term, 
compared to gravidas who will remain normotensive throughout gestation 
(9, 12-14). Studies of remote hypertension in such patients suggest the 
following: Gravidas manifesting “normal” midterm diastolic pressure of 70 
mm Hg or greater often become frankly hypertensive in late pregnancy and 
belong to two populations; women who are actual or potential chronic 
hypertensives, and gravidas who are destined to manifest preeclampsia and 
whose peripheral vascular tone may be inappropriately elevated quite early 
in gestation (12, 15). 

The severity of hypertension may be a clue to the underlying disease. 
Chesley (15) noted that if systolic blood pressure exceeded 160 mm Hg 
during eclampsia, especially if the disease appeared prior to the 32nd gesta- 
tional week, the patient often manifested essential hypertension later in life. 
In our study, in which diseases were classified by morphologic criteria, the 
blood pressure averaged 151/99 mm Hg in women with nephrosclerosis, 
compared to 145/95 mm Hg in patients with pure preeclampsia (glomerular 
endotheliosis only on biopsy) and 135/87 mm Hg in gravidas with renal 
disease (3). While all these values were significantly different from each 
other, the range of pressures was wide enough to preclude use of the blood 
pressure level as a diagnostic criterion. 

Hypertension in preeclampsia shows an interesting reversal of the cir- 
cadian blood pressure rhythms that normally occur in pregnant and non- 
pregnant populations, i.e. morning peaks and nighttime nadirs. In 
preeclampsia the rhythm may be abolished or even reversed, with the 
highest pressures occuring at night (16-18). 

The rise in blood pressure in preeclampsia is typically labile because of 
an intense vascular sensitivity to endogenous pressor peptides and amines 
(2, 16-19). Whereas normal pregnant women are quite resistant to the 
pressor effects of infused angiotensin, those destined to develop pre- 
eclampsia manifest increased pressor responsiveness to this peptide many 
weeks prior to any clinical signs of the disease (20). In women with chronic 
essential hypertension, sensitivity to infused angiotensin also increases prior 


'There are rare instances when preeclampsia-eclampsia occurs prior to or shortly after 
midterm. These include patients with hydatiform mole, fetal hydrops, underlying renal pa- 
renchymal disease, and multiple fetuses. 
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to the development of superimposed preeclampsia (21). In this respect there 
are discrepancies in the literature dealing with the renin-angiotensin system — 
in preeclampsia. Initially, investigators found that renin concentration and 
activity and angiotensin II levels were decreased in this disease compared 
to normal pregnancy (where all components of the renin-angiotensin- 
aldosterone system are elevated). More recently, however, several authors 
have noted increments in both plasma renin activity and circulating angio- 
tensin II in preeclampsia (2, 19, 22-25). One must keep in mind, though, 
that even at lower concentrations these pressor substances probably play a 
pathogenetic role, if the exquisite sensitivity of the vasculature is taken into 
account. Some observations, however, argue against a role of angiotensin 
II in the pathogenesis of hypertension in preeclampsia, e.g. saralasin (E. M. 
Symonds, personal communication) or converting enzyme inhibitor (SQ 
20881) (26) was ineffective when given shortly after delivery to preeclamptic 
patients whose blood pressure had remained elevated. 

Other humoral substances implicated in the pathogenesis or maintenance’ _ 
of the hypertension in preeclampsia include catecholamines, prolactin, 
vasopressin, prostaglandins, and “unknown” pressor substances. Norepi- 
nephrine and epinephrine levels may rise and the sensitivity to their pressor 
effects is also increased in preeclampsia (2, 19). Levels of dopamine-beta 
hydroxylase appear unaltered (25). Mendlowitz (27), who in 1961 noted 
that digital reactivity to norepinephrine is increased in mid-pregnancy in 
women who later developed “toxemia,” has recently espoused a hypothesis 
in which the role of catecholamines in the increased blood pressure during 
preeclampsia assumes new importance. There is a rapidly growing literature 
describing (in nonpregnant hypertensives) membrane transport abnormali- 
ties characterized by increased intracellular calcium in smooth muscle, 
which sensitizes it to constrictor stimuli. Thus, Mendlowitz suggests that 
preeclampsia occurs in gravidas who manifest a temporary defect in their 
calcium transport system. In this formulation, gestation is an anabolic state 
in which some women fail to produce sufficient calcium-transporting pro- 
tein. A report by Kuhnert et al (28), who noted decrements in Na-K- 
ATPase of cord blood erythrocytes from preeclamptic women, is of interest, 
since a defect in the sodium pump has been postulated in the pathogenesis 
of the cellular calcium transport defect discussed above. 

Other hormones implicated in preeclampsia include prolactin and 
vasopressin. Prolactin was said to antagonize the effect of circulating pres- 
sor substances (29), but levels of this hormone in preeclamptics vary, having 
been reported as decreased, normal, or elevated (30-32). Vasopressin, sus- 
pected almost 50 years ago of playing a role in “toxemia,” has recently been 
implicated in the blood pressure rise seen in several experimental animal 
models of hypertension. Its role in preeclampsia is uncertain, but in one 
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report levels of antidiuretic hormone measured by radioimmunoassay were 
lower in preeclamptics than in normal gravidas (33). The literature also 
abounds with references to “unknown humoral substances” that are said to 
play important roles in the pathophysiology of preeclampsia (16, 19, 34, 35). 
Plasma (or plasma dialysates) from preeclamptic women has vasoconstric- 
tor properties and decreases the short circuit current (a measure of sodium 
transport) in toad bladder preparations. Many of these reports await con- 
firmation and further clarification. l 

Most recently, investigators have turned their attention to the role of 
vasodilating prostaglandins (of the E and I series). They propose that 
impaired ability of the uterus or blood vessels to synthesize these lipid 
hormones may cause hypertension because of an imbalance between cir-. 
culating pressor substances and the counteracting effect of prostaglandins 
on smooth muscle. Said otherwise, increased production of uterine or vessel 
wall prostaglandin E or I is required to counteract the vasoconstrictive 
effects of the elevated angiotensin IT concentrations characteristic of normal 
pregnancy. Experiments in animal ‘models reveal that the pregnant uterus 
is a rich source of prostaglandin E, some of which reaches the circulation, 
and that inhibition of PGE synthesis increases the blood pressure (36, 37). 
Increments in urinary prostaglandin excretion have been described in nor- 
mal human pregnancy, but data on circulating levels are conflicting (38, 39). 
Of interest are observations that ingestion of aspirin or indomethacin, both 
cyclooxygenase inhibitors, decreases the resistance to infused angiotensin 
normally present in gestation to the level seen in nonpregnant subjects or 
in women with preeclampsia (40), and that prostaglandin synthesis is im- 
paired in placentas from preeclamptic patients (2, 22, 41). 

It was suggested that production of progesterone, a vasodilating hormone 
with natriuretic actions, may be decreased in preeclampsia, but Weinberger 
et al (42) found that circulating levels of progesterone were unaltered in this 
condition. Infusions of the progesterone metabolite 5-hydroxyprogesterone 
into women with preeclampsia ‘did abolish their increased sensitivity to 
angiotensin II, so that their response to this substance became similar to 
that of normal gravidas (43). The same authors noted a similar effect in 
preeclamptics given theophylline, and postulated a role for cyclic nucleo- 
tides in the abnormal vascular reactivity that accompanies this disease (44). 
Several excellent reviews of factors controlling vascular responsiveness in 
normal and hypertensive pregnancies have been recently published (45, 46). 

Another interesting facet of the altered vascular reactivity in preeclamp- 
tic women is the development of a pressor response to supine posture several 
weeks prior to frank hypertension. Gant et al (47) demonstrated that in 
nulliparous normotensive women who subsequently developed pre- 
eclampsia, diastolic pressure increased 20 mm Hg or more when they were 
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turned from the lateral recumbent to a supine position. The reliability of 
this maneuver, called the “supine pressor response test” or “roll over test,” 
is currently being debated (48). 


Altered Renal Function and Proteinuria 


Preeclampsia is: accompanied by a morphologic lesion termed glomerular 
endotheliosis (19, 49). This lesion is considered by most, but not all (50), 
investigators to be virtually pathognomonic of the disease. The morphologic 
lesion is accompanied by functional changes in renal hemodynamics and the 
tubular handling of urate, as well as by abnormal protein excretion. 

Both the glomerular filtration rate (GFR) and renal plasma flow decrease 
in preeclampsia, and since the decrement in GFR is greater, the filtration 
fraction falls (19, 51). The drop in GFR is approximately 25% in mild cases, 
whereas renal hemodynamics increase 30-50% in normal pregnancy. De- 
spite morphological evidence of glomerular cell swelling, ischemia, and 
obliteration of the urinary space, GFR in preeclamptic women often re- 
mains above prepregnancy values.’ Therefore, levels for serum creatinine 
and urea nitrogen of 0.9 mg and 15 mg per 100 ml respectively, which are 
considered normal in nonpregnant subjects, indicate decreased function in 
gravidas. 

Uric acid clearance decreases in preeclampsia (2, 19, 51). This decrement 
may occur earlier (2, 52) and be more profound than that in GFR, so that 
the urate/inulin clearance ratio is also decreased. The level of hyperuri- 
cemia correlates directly with the decrement in plasma volume that occurs 
in preeclampsia, and indirectly with the plasma renin activity (7). High 
urate levels also correlate with the severity of the preeclamptic renal lesion 
(4) as well as with poor fetal outcome (2, 19, 53). 

Abnormal proteinuria almost always accompanies preeclampsia and the 
diagnosis is suspect without this sign, even though glomerular endotheliosis 
has sometimes been described in the absence of increased protein excretion 
(54). Proteinuria may be minimal, moderate, or severe, i.e. in the nephrotic 
range. The occurrence of nephrotic syndrome deserves emphasis, for in the 
past heavy proteinuria was believed to be uncommon in preeclampsia and 
when it occurred it was considered an indication of a severe form of the 
disease. It is now apparent that preeclampsia is the most common cause of 
nephrotic syndrome in pregnancy (3, 55-57) and that this diagnosis may be 
overlooked if one fails to consider diastolic levels between 80-90 mm Hg 
as abnormal in these patients. In our studies the severity of maternal disease 
was similar in preeclamptic women with heavy proteinuria and those ex- 
creting less than 3.5 g per 24 h, although a small but significant mcrease 
in fetal loss occurred in the women with severe proteinuria (3, 55). 

Proteinuria in preeclampsia is nonselective (58), even though the lesion 
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is completely reversible (19). Proteinuria has been attributed to vasospasm 
or to the glomerular lesion that accompanies the disease. The latter is 
supported by the fact that the magnitude of the proteinuria correlates with 
the severity of the morphologic lesion (3). 


Sodium Retention and Edema 


While fluid retention and edema occur in preeclampsia, they are also a 
feature of normal pregnancy. Plasma volume increases markedly in uncom- 
plicated gestation and 60-80% of normal gravidas manifest dependent 
edema sometime during their pregnancy, which on occasion may become 
generalized (2, 59, 60). Edema alone imparts no adverse prognosis to the 
reproductive outcome (61); fetal size may even be greater in such patients 
(59, 60). Thus, sodium is no longer considered undesirable in pregnancy or 
causally linked to preeclampsia, and prophylactic salt restriction and/or 
diuretic therapy of normotensive gravidas is no longer condoned. Neverthe- 
less, rapid weight gain and generalized edema is a feature of preeclampsia. 
The ability to excrete sodium is usually impaired in preeclampsia (2, 19, 60), 
but the disease can occur without fluid retention, in which case it is often 
more severe (60). However, even when edema is present, plasma volume is 
decreased (compared with normal pregnancy) and hemoconcentration oc- 
curs. Furthermore, while preeclamptics excrete sodium poorly, they may 
paradoxically display an exaggerated natriuresis when challenged with salt. 
later in life (62). 

The cause of sodium retention in certain women with preeclampsia is 
obscure. The decrement in GFR seems insufficient explanation, and aldost- 
erone levels in early and midpregnancy are similar in women destined to 
develop third-trimester hypertension and in those who remain normoten- 
sive through gestation (63). While concentrations of aldosterone are 
markedly increased in normal gravidas, the levels actually decrease in pree- 
clamptics (2, 19, 22, 33, 39, 42, 59). 

The metabolism of other mineralocorticoids that play a role in sodium 
retention has barely been studied. Desoxycorticosterone (DOC), whose 
levels increase in pregnancy (2, 59, 64), may be largely of fetal origin. Since 
in pregnancy concentrations of DOC are not suppressible by physiological 
maneuvers such as sodium loading (64), this mineralocorticoid could play 
a role in maintaining edema in preeclampsia. 

The decrease in plasma volume accompanied by salt retention in pre- 
eclampsia is the basis of a major controversy. Some investigators believe 
that decreased intravascular volume is the primary event in preeclampsia, 
which may be responsible for the rise in blood pressure (i.e. placental 
hypoperfusion may induce release of a pressor substance from the uterus). 
This naturally leads to the recommendation of volume expansion therapy, 
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an approach rejected by traditional hypertension experts. The latter believe 
that decrements in volume are secondary to vasoconstriction, and since 
cardiac output is often unchanged or increased in preeclampsia (2, 16, 65) 
while myocardial performance is compromised, these authorities warn that 
treatment with volume expanders is dangerous and may lead to aggravation 
of the hypertension as well as to pulmonary edema; they advocate instead 
use of vasodilating drugs and diuretics. Data in the literature on the effects 
of plasma expansion are equivocal (66), but recent observations seem to 
provide theoretical support for this approach. In preeclampsia, the decrease 
in plasma volume precedes the occurrence of hypertension (67), and the 
central venous pressure is low and varies inversely with the severity of the 
blood pressure elevation (68). 


Coagulation Abnormalities 


There is considerable controversy concerning the incidence and significance 
of coagulation abnormalities in preeclampsia. Many reports describe vary- 
ing degrees of disseminated intravascular coagulation in preeclamptic 
women, and some suggest that coagulopathies play a role in the pathogene- 
sis of the disease (2, 22, 69). Redman et al (70) state that a decrement in 
platelet count is the earliest sign of preeclampsia and occurs weeks before 
clinical signs are evident. Abnormal platelet localization in the kidney is 
said to persist postpartum despite normalization of the blood pressure (71). 
It should be emphasized that although laboratory evidence of coagulation 
is easily demonstrated in patients with severe or fulminating disease, spe- 
cialized testing (e.g. fibrin chromatography, the relationship of factor VIII 
to its antigen, or platelet survival times) is required to demonstrate intravas- 
cular coagulation when preeclampsia is mild (2, 19, 69, 72-75). Neverthe- 
less, cases in which signs of coagulopathy predominate while hypertension 
is only mild or moderate are occasionally seen. In addition, some investiga- 
tors (cited in 2, 20, 49, 76) state that fibrin or fibrin-like material is invari- 
ably present in renal biopsies demonstrating glomerular endotheliosis. 
Contrasting with the above views are studies that do not ascribe a pri- 
mary role to coagulation abnormalities in the pathogenesis of preeclampsia. 
Pritchard and colleagues (77) performed a battery of five tests (platelet 
count, plasma fibrinogen and its degradation products, fibrin monomer, and 
thrombin time) and found evidence of disordered coagulation in only a 
minority of their eclamptic patients.* They note that the thrombocytopenia 
sometimes observed in preeclampsia could be due to platelet adherence at 
sites of disrupted vascular endothelium rather than to intravascular coagu- 


7In the absence of a renal biopsy, convulsion in a hypertensive primipara is a good indicator 
that the patient had the morphological lesion of preeclampsia. 
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lation induced by factors postulated as initiators of the disease (e.g. throm- 
boplastin from decidua or placenta). They further stress that in abruptio 
placentae, an obstetrical syndrome that may be accompanied by dis- 
seminated intravascular coagulation, hypertension, convulsions, and other 
manifestations seen in preeclampsia are usually absent. Decrements in the 
level of clotting factors in preeclampsia could also be due to liver involve- 
ment in this disease. Finally, in our renal biopsy series, immunofluorescent 
positive fibrin-like material was present in only 20 of 45 specimens with 
ultrastructural evidence of glomerular endotheliosis, and in only 8 instances 
did its intensity exceed one plus; glomerular fluorescence for antihemophilic 
globulin was present in only 5 of 10 specimens analyzed, and exceeded one 
plus but once (3). 

Disagreements over the role of coagulopathy in preeclampsia are at the 
root of certain controversies concerning the management of this disease. — 
Some authors recommend therapy with antithrombotic agents such as aspi- 
rin, dipyridamole, and heparin (72, 78. 79). Others, including ourselves, 
counsel against this because of the risks of anticoagulation in patients with 
frank hypertension whose disease is sometimes complicated by liver or 
cerebral hemorrhages, especially since other therapeutic approaches are 
successful. 


Eclampsia 


Convulsions are the most dramatic and life-threatening complication of 
preeclampsia. They are characterized by a series of generalized muscular 
contractions that last 20-30 seconds and may recur for several minutes. 
After this, coma often ensues, the convulsions may reappear, and unless 
treatment is promptly started the patient may die. At one time maternal 
mortality in eclampsia averaged 20-30%, with cerebral hemorrhage as its 
leading cause (80). Convulsions are rarely preceded by an aura and may 
occur without any warning, but among the premonitory signs which should 
alert the clinician that this complication is imminent are nervousness, ap- 
prehension, severe headaches, visual disturbances, sudden facial edema, 
rapidly rising diastolic blood pressure, increasing proteinuria, decreasing 
urine output, and severe hemoconcentration. Experienced obstetricians initi- 
ate prophylactic anticonvulsive therapy (MgSO,) even when indications are 
equivocal, an approach that has virtually eradicated maternal mortality in 
this disease. 

There is a mistaken tendency to equate eclampsia with hypertensive 
encephalopathy. Although eclampsia correlates with the severity of the 
hypertension, it may also arise when blood pressure elevations are mild. For 
example, in 22% of the eclamptics originally described by Dieckmann 
(cited in 11), systolic levels never exceeded 140 mm Hg; similar observations 
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were reported by Sheehan & Lynch (81) in their large autopsy series. Thus 
there is no place for ambulatory care of preeclamptics: Patients with seem- 
ingly mild disease, for example a teenage gravida with a blood pressure of 
140/90 mm Hg and minimal proteinuria, have been known to convulse. 
De novo hypertension in a third-trimester nullipara is always a serious 
disease requiring a tentative diagnosis of preeclampsia even if no other signs 
are present. Suspicion of the disease alone is sufficient reason to hospitalize 
the patient and treat her as a potential eclamptic. 

The pathogenesis of the eclamptic convulsion is poorly understood and 
has been scarcely investigated. Based on autopsy results, McKay (82) at- 
tributes convulsions to disseminated intravascular coagulation character- 
ized by platelet-fibrin clots that obstruct the cerebral microcirculation. 
Sheehan & Lynch (80), who performed most of their autopsies between 15 
minutes and 2 hours after death, do not support this view and ascribe the 
cerebral changes to intense vasoconstriction. There is also a high percentage 
of frank cerebral bleeding in autopsy material from women dying of 
eclampsia. According to Sheehan & Lynch most of these episodes occur 
after the initial convulsion. 

Cerebral blood flow in preeclampsia-eclampsia is decreased (16), an ob- 
servation that should be taken into account when prescribing anesthetics or 
sedation. There is a host of ocular signs associated with preeclampsia, 
including the development of amaurosis (83, 84). In one such case at our 
institution, temporary blindness was assoc:ated with changes consistent 
with occipital lobe edema as determined by computerized axial tomogra- 
phy. The edema reverted to normal when vision returned. 


Placental Perfusion 
Uteroplacental blood flow decreases in preeclampsia (16), which is a major 
reason for the high incidence of fetal loss, intrauterine growth retardation, 
and small-for-date infants. Gant and colleagues, who use the metabolic and 
placental clearance of dehydroisoandrosterone sulfate (DS) as an index of 
placental perfusion, suggest that uteroplacental blood flow may actually be 
higher in women destined to develop preeclampsia than in those who re- 
main normotensive, and that perfusion starts to decrease prior to the onset 
of hypertension (summarized in 85). The early increment in flow is reminis- 
cent of a view that preeclampsia occurs more readily in women with exces- 
sive placental growth (“hyperplacentosis’’), while the decrease in perfusion 
is compatible with the theory that uterine ischemia (relative or absolute) 
causes the high blood pressure in this disease. It should be noted, however, 
that the use of DS clearance as an index əf uterine perfusion has been 
criticized (86). 

The decrease in uterine blood flow is another reason for some of the 
current controversy in the management of preeclampsia. Data from mor- 
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phologic studies of human placentae demonstrate trophoblastic invasion of 
the muscular coats that surround the uterine spiral arteries. Observations 
in unanesthetized sheep or primates suggest that uterine arteries behave like 
rigid conduits, or are normally in a maximally dilated state (2, 16, 19, 85, 
87, 88). Thus, believing that reductions in maternal blood pressure decrease 
uteroplacental perfusion, some authors caution against large decrements in 
mean arterial pressure in acute emergencies, especially since placental per- 
fusion is already compromised in preeclampsia. Other investigators, whose 
data are derived from studies in unanesthetized rabbits, report that au- 
toregulation of uterine blood flow is complete over a wide range of pressures 
in the dam; they recommend aggressive lowering of blood pressure when 
hypertension arises suddenly near term (36, 90, 91). Data from human 
pregnancy are indirect and limited, but suggest that acute reductions in 
maternal pressure may decrease uteroplacental perfusion (85,) If one as- 
sumes that autoregulation exists, a critical but unanswered question is how 
quickly it occurs, for the fetus will be compromised if ischemia persists for 
any length of time. There are documented instances where precipitous 
reductions of the blood pressure were accompanied by signs of fetal distress 
even when diastolic levels exceeded 85 mm Hg (91, 92). We therefore 
recommend an intermediate approach in which antihypertensive agents are 
not prescribed as long as maternal blood pressure is only mildly elevated 
(105 mm Hg diastolic or less); when indicated these agents should be used 
to decrease genily the blood pressure to levels between 90 and 100 mm Hg, 
which should harm neither mother nor child. 


Hypothesis 


Preeclampsia has been called the disease of theories. Some of these have 
already been mentioned in the preceding sections, but a detailed discussion 
of all the hypotheses regarding the etiology and pathogenesis of pre- 
eclampsia is beyond the scope of this article. Among some of the theories 
currently popular, we mention briefly those that attribute a major role to 
decreased uteroplacental perfusion, to immunological abnormalities, and to 
a genetic disorder. Supporting the first theory are a series of animal experi- 
ments in which acute reductions in uteroplacental blood flow were accom- 
panied by decreases in the uterine venous efflux of prostaglandin-like 
materials and increases in maternal blood pressure (34, 37, 89). Also of 
interest are a series of reports by Abitbol and colleagues (93-95) in which 
aortic constriction caused hypertension in pregnant rabbits, dogs, and pri- 
mates, and was accompanied by renal lesions resembling those of human 
preeclampsia. Certainly, development of a convincing animal model of 
preeclampsia would be an important step toward understanding this dis- 
ease. 
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Recent interest has refocussed on an immunologic cause of preeclampsia. 
Hypersensitivity-like reactions (e.g. maternal-fetal incompatibility) were 
suggested and rejected since preeclampsia is primarily a disease of the first 
pregnancy and usually does not occur in subsequent gestations. A growing 
body of evidence suggests that preeclampsia may represent a failure of the 
maternal immune response, rather than a hypersensitivity state (96-98). 
Studies demonstrating significantly more sharing of fetal-maternal antigens 
than predicted for the general population support this view (96). Excellent 
reviews of observations pertinent to the hypathesis described above, as well 
as discussion of the mechanism whereby excessive fetomaternal im- 
munologic compatibility may lead to preeclampsia, have been published 
(99-101). 

Concerning genetic theories, analysis of data derived by Chesley et al 
(102) from studies of eclampsia in mothers and daughters supports the 
notion that this disease is inherited as a recessive Mendelian trait (Table 2) 
(103, 104). The immunologic and genetic theories may be related (100); 
Redman et al (105) noted a significant excess of apparent HLA 
homozygosity in preeclamptics and suggested that homozygosity for reces- 
sive maternal immune response genes linkec to the HLA locus might pre- 
dispose to severe preeclampsia. 


Conclusions 
Preeclampsia-eclampsia remains a major complication of pregnancy, jeop- 
ardizing both mother and fetus. There are many gaps in our knowledge 
concerning the cause and pathophysiology cf this disease, but the little we 
know does allow a rational approach to management. 

Preeclampsia is an explosive disease. Suspicion of this disorder requires 
hospitalization because the convulsive phase of the disorder (eclampsia) can 
occur rapidly, even when the blood pressure is only mildly elevated. The 


Table 2 Preeclampsia or eclampsia in relatives of ec_amptics* 








Preeclampsia or eclampsia 
during lst pregnancy 





Relationship Number Expected? Observed 
Sisters 147 58.0 55 
Daughters 187 48.9 48 

1 daughter A 72 18.4 18 

2 daughters 28 12.5 13 

3 to 5 daughters 12 8.3 8 


Daughters-in-law (controls) 75 4.9 6 


a From Reference 104. 
bpredicted numbers if caused by single recessive gene. 
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pathophysiology of preeclampsia is characterized by extreme vasoconstric- 
tion, enhanced vascular reactivity to pressor peptides and amines, and 
decreased intravascular volume (usually despite an increased interstitial 
space). Other manifestations include decreased glomerular filtration rate 
and renal plasma flow, a marked decrement in the clearance of urate, and 
nonselective proteinuria, which may be in the nephrotic range. Some 
women with preeclampsia manifest variable signs of coagulopathy, which 
range from mild abnormalities in coagulation factors to severe disseminated 
intravascular coagulation. Marked vasoconstriction decreases cerebral per- 
fusion and may play a role in the pathogenesis of the convulsion, but 
thrombosis in the cerebral microcirculation has also been implicated in the 
genesis of eclampsia. There are also decrements in uteroplacental perfusion, 
a factor that contributes to the increased fetal loss and morbidity associated 
with preeclampsia. 

The pathogenesis of the diverse manifestations of preeclampsia is also 
unclear, which explains some of the controversies surrounding the current 
approach to management of the disease. Nevertheless, prompt hospitaliza- 
tion of suspected preeclamptics and therapeutic intervention aimed at re- 
ducing blood pressure and preventing convulsions have brought about a 
gratifying improvement in the mother’s prognosis and in the outcome of 
her pregnancy. 
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Introduction 


The only prior mention of increased lung microvascular permeability in this 
series is a brief description by Hopewell & Murray in their chapter, Adult 
Respiratory Distress Syndrome (72). But the topic is in vogue and there have 
been several recent reviews (20, 135, 145, 149, 151), as well as a minisym- 
posium from UCLA (140). The earlier general reviews (126, 147) cover the 
older literature. Hurley (74) wrote an outstanding review of the subject 
from the experimental pathologist’s point of view. 

There are two reasons for the surge of interest. First, there is the increased 
occurrence of acute lung microvascular injury with associated pulmonary 
edema in many different clinical conditions (135). The morbidity and mor- 
tality from these conditions are high (72). Second, there are now specific 
models of acute lung microvascular injury that can yield new understanding 
of the early stages of increased permeability. 

One of the major advances of the last decade is the development of 
specific, reproducible experimental models of various types of increased 
permeability edema. These include hemorrhagic shock (40), septicemia (21, 
22), microembolism (52, 94 111, 129), neurogenic edema (16, 164), hydro- 
chloric acid aspiration (158), drug-related edema (14, 102), and oxygen 
toxicity (18). 

The clinical syndrome of increased permeability edema is usually charac- 
teristic. It begins with a specific episode, but the nature of the insults may 
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be diverse, such as drug intake (81), acid aspiration (23), or venous air 
embolism during neurosurgery (114). When edema fluid can be aspirated 
from deep within the lung, the protein concentration exceeds 60% of that 
in plasma obtained simultaneously (24, 50). 

Many methods are being developed for detecting early increases in lung 
water content in pulmonary edema, although these are not specific for 
increased permeability edema. All such methods depend upon introducing 
a substance that in some way is diluted, concentrated, or excluded from the 
lung when its water content changes (153). These methods include the chest 
x ray (119, 146), the double indicator dilution technique (26, 86, 119), 
soluble gas measurement of lung tissue volume (56, 127), transthoracic 
electrical impedance (49), and nuclear imaging techniques (29, 66, 142, 
161). 

Still in their infancy are more specific methods aimed at detecting in- 
creased lung microvascular (60, 65, 122) and alveolar (77, 125) solute 
permeability. These new approaches may theoretically detect barrier injury 
before measurable amounts of fluid accumulate (147). Some of the tests have 
progressed from animal experimentation to preliminary human studies (61, 
78). 


Specific Lung Injury 

Whether or not the Adult Respiratory Distress Syndrome (ARDS) consti- 
tutes a specific entity (51, 116), most pulmonary and critical care physicians 
agree that following severe trauma, hemorrhagic shock, sepsis, gastric fluid 
aspiration, viral pneumonia, narcotic abuse, etc, a certain number of pa- 
tients develop progressive respiratory distress including shallow rapid 
breathing, dyspnea, cough, and rales. The chest x ray shows diffuse coalesc- 
ing pulmonary infiltrates and these patients develop severe systemic arterial 
hypoxemia. The lungs become increasingly difficult to ventilate dow com- 
pliance), pulmonary vascular resistance rises, and the level of inspired 
oxygen must be steadily increased in order to maintain oxygen transport (4, 
12, 129). 

‘Pathologic changes in the lungs are very similar among these patients 
even though the inciting events may be disparate (5, 69, 124). In addition 
to interstitial and alveolar edema with hyaline membranes, there is wide- 
spread microembolism, infiltration of neutrophils, and destruction of type 
I alveolar epithelial cells. If survival is prolonged beyond several days, there 
is proliferation of the type II alveolar epithelial cells and, sometimes, ac- 
celerated fibrotic changes. Because the end-stage is the same, it is often 
assumed that a common mechanism must underlie the injury (116). But this 
may merely represent the stereotypic reaction of the lung to severe alveolar 


injury (5). 
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The remainder of this review deals with our current understanding of the 
pathogenesis of specific types of increased permeability edema. 


Hemorrhagic Shock 


A period of systemic arterial hypotension with mean blood pressure at or 
below 50 mm Hg for 1-3 h is characterized both clinically and experimen- 
tally as hemorrhagic shock. Moss (105) reviewed this topic several years ago 
in this series. My remarks constitute an update of his discussion and provide 
a starting point for the next sections. It is now clear that hemorrhagic shock 
by itself does not produce clinically or experimentally significant increased 
lung microvascular permeability, except in the dog (38). Microvascular 
injury with edema, when it does occur, is either the result of accompanying 
insults (such as soft tissue trauma or sepsis) or of overzealous fluid replace- 
ment (2, 37, 71). 

There is something special about the response of the dog to hemorrhagic 
shock (107). Webb and his associates (166) showed by direct mi- 
crocinematography of the lung surface in the anesthetized dog that changes 
occurred during the period of profound hypotension. These included mi- 
crocirculatory stasis (probably due to intense vasoconstriction), lodgment - 
of amorphous microemboli, focal hemorrhage, and edema. Likewise, Todd - 
and his associates (157) reported that right duct lymph flow (believed to 
represent mainly lung fluid filtration) increased in anesthetized dogs during 
the period of hypotension, even though pulmonary vascular pressure had 
decreased. The same lab had previously reported, using freeze-fracture 
electron microscopy, that the intercellular junctions of the alveolar epi- 
thelium and to a lesser extent those of the endothelium were sufficiently 
altered during prolonged hemorrhagic shock to account for increased mi- 
crovascular permeability (7). Recently, Michel & Hogg (101) quantified 
changes in the dog lung following hemorrhagic shock and resuscitation. 
The only significant finding, by light microscopy, was a mild leucocytic 
infiltration. Northrup & Humphrey (109) also measured right duct lymph 
flow in dogs during hemorrhagic shock and after resuscitation. Half of the 
dogs were “shock sensitive,” meaning there were large increases in the flow 
of lymph, which had a high protein concentration indicative of increased 
microvascular permeability. Interestingly, none of their dogs showed any 
significant increase in extravascular lung water. 

Demling and associates (42) measured lung lymph flow, pulmonary 
hemodynamics, and tracer protein equilibration between plasma and lung 
lymph in anesthetized sheep during hemorrhagic shock. They were not able 
to detect any significant changes in either fluid filtration or protein leakage. 
Demling et al (40) also studied hemorrhagic shock followed by resuscitation 
with the shed blood and lactated Ringer’s solution in unanesthetized sheep. 


294 STAUB 


After an initial decrease during the bleeding phase, lung lymph flow recov- 
ered to baseline levels by the end of the two-hour shock period. Following 
resuscitation lymph flow doubled but its protein concentration relative to 
plasma decreased. They concluded that the increased fluid filtration was due 
to increased microvascular pressure rather than an increase in fluid and 
protein permeability: A similar conclusion was reached by Malik et al (95). 
Even in untreated hemorrhagic shock, which led to death over 4-5 h, sheep 
showed little evidence of increased microvascular permeability, although 
lymph flow did rise terminally (39). 

What is the difference between the dog and other species (sheep, humans, 
primates) in their response to hemorrhagic shock? Niehaus et al (108) 
believe it is related to reticuloendothelial system function. The sheep and 
man have a less active reticuloendothelial system and low circulating levels 
of fibronectin (opsonin) compared to the dog. In a recent comparative study . 
Bredenberg & Webb (17) observed the responses of baboons and dogs to 
hemorrhagic shock. Their conclusion sums up current opinion nicely: “We 
suggest that ‘shock lung’ be considered a canine disease.” 


Septic Lung Injury 

- Of all the factors complicating shock and trauma, septicemia is the most 
widely accepted as a cause of increased permeability edema (1, 21, 22, 27, 
38, 57, 79). One reason why septicemia is so dreaded in burned individuals 
is that they tend to be fluid overloaded anyway. They tolerate the excess 
fluid without developing overt clinical pulmonary edema unless septicemia 
occurs (159). What may follow is ‘catastrophic pulmonary edema due to 
increased vascular permeability. 

Gabel et al (58) could not detect a change in the endothelial fluid conduc- 
tance during 3 h of a continuous infusion of Escherichia coli endotoxin in 
dogs. Rice et al (123) could not find evidence of pulmonary edema 4 or 24 
h after E. coli septicemia in baboons. Sturm et al (154) did not detect 
increased protein permeability within 2 h of E. coli bacteremia in sheep. 

Much of the apparent disagreement about septic lung injury seems to be 
due to the time after the initial insult at which measurements were made, 
the amount of endotoxin or bacteria given, and whether one is monitoring 
pulmonary hemodynamics or fluid and protein exchange. The development 
of the sheep model of septic lung injury—the Pseudomonas bacteremia 
model (21) and, more recently, the Æ. coli endotoxemia model (22, 41)— 
permits some clarification of these -factors. 

There are two fairly distinct phases to the pulmonary vascular effect of 
septicemia. First is a period of pulmonary hypertension that occurs during 
or shortly after the insult and lasts about 2 h. If the septic insult is massive, 
the first phase may be the only one seen (47). The initial phase is character- 


INCREASED PERMEABILITY LUNG EDEMA 295 


ized by an increased lung lymph flow and a decrease in the lung lymph 
protein concentration (21, 22, 38). Although endothelial barrier permeabil- 
ity may be increased, the predominant effect appears to be hemodynamic. 
That is, increases in fluid filtration are due mainly to increased hydrostatic 
pressure in those portions of the pulmonary microcirculation being perfused 
(154). 

Some of the more seriously injured regions of lung may not be perfused 
because of intense vasoconstriction and physical obstruction by bacterial 
clumps. Demling & Flynn (38) showed an increase in the erythrocyte 
concentration in lung lymph during this phase, which is often indicative of 
increased microvascular pressure. Severe respiratory insufficiency may arise 
from terminal airway constriction and marked ventilation/perfusion mis- 
matching, apparently caused by the same agent that promotes the vasocon- 
striction. Interestingly, the first phase can be almost completely blocked by 
inhibitors of prostaglandin synthesis 38, 110). 

The second phase develops 2-5 h after the initial injury. We first reported 
the delayed effect in the Pseudomonas model (21), but it is also seen with 
the more refined endotoxin model (22, 38, 70). This phase is characterized 
by a further increase in lung lymph flow (sometimes to very high levels) at 
a time when the hemodynamic effects (namely, the pulmonary hypertension 
and obstruction) are subsiding. The high lymph flow is accompanied by an 
increase in the lymph protein concentration indicative of increased permea- 
bility of the endothelial barrier. There are two reasons for the delayed 
change: First, as the vasoconstriction and obstruction abate the vascular 
surface area for exchange increases. Second, it appears that some metabolic 
process must occur before the full increased permeability injury is manifest. 
Polymorphonuclear leucocytes appear to play a central role in the develop- 
ment of septicemic injury (67, 84), although leucocytes have little to do with 
the hypertensive phase (53, 118). 

In experimental animals, of course, the injury is deliberately kept mini- 
mal, is completely reversible, and most of the animals survive (21, 22, 41). 
Sometimes, however, it is fatal mainly because of severe respiratory failure 
and systemic collapse. Indeed, two of our original seven Pseudomonas sheep 
died this way and, recently, Esbenshade et al (47) reported the fatal effects 

‘of large doses of endotoxin in sheep. 

The mechanism of the hypertensive phase includes some physical ob- 
struction but, more importantly, intense pulmonary artery vasoconstriction 
mediated by one or more of the vasoconstrictor prostaglandins. Thrombox- 
ane B, the metabolite of the potent vasoconstrictor thromboxane Az, is 
increased in plasma and lung lymph and correlates closely with the severity 
of the pulmonary hypertension (38). Whether the source of the thrombox- 
ane is platelets or endothelial cells is not clear. The vasoconstrictor response 
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can be blocked by cyclo-oxygenase inhibitors without interfering with the 
increased permeability phase (110). 

Since the response occurs slowly, the mechanism of the second phase 
involves some metabolic interaction that also develops slowly (21). There 
is good evidence that the polymorphonuclear leucocytes (PMNs) are in- 
volved since the second-phase effects are larzely prevented in neutropenic 
animals (67). Since PMNs are also implicated in lung injury following 
embolism (52), dialysis (32), and oxygen toxicity (54) (see following sec- 
tions), they are of more than passing interest. The exact nature of the injury 
induced by the PMNs is not entirely clear and has been variously attributed 
to physical migration through the vascular endothelium (68), to release of 
lysosomal enzymes (41), or to superoxide radicals (128). (For review, see 
151). Pharmacologic doses of corticostercids (methylprednisolone, 30 
mg/kg) have a protective effect against Æ. coli endotoxin injury in sheep 
(15) and against septicemia in man (139). This is consistent with the delayed 
nature of the increased permeability phase. Neither in man (139) nor in 
sheep (15) do corticosteroids have any significant effect after the increased 
permeability is fully developed. 


Microembolism Syndrome 


Since evidence of widespread microemboli is found so frequently in the 
lungs of people dying of ARDS (104, 106, 167), and since clinical evidence 
of rising pulmonary vascular resistance has such serious import in critically 
ill patients (12), there has been much investization into the role of various 
types of microemboli in the pathogenesis of increased permeability edema 
(111, 129). Even if microemboli turn out to be of secondary importance, it 
is essential to know the mechanism of the injury that they may produce in 
their own right. 

` We are especially interested in the air embolism model of increased 
permeability edema in sheep (52). It also has a clinical counterpart. Venous 
air emboli during decompression are very common and occasionally cause 
acute fatal pulmonary edema, as well as a syndrome known as the “chokes” 
(44). Air emboli also occur during neurosurgery and may promote acute 
pulmonary edema (75, 114). 

Not everyone agrees that all microemboli cause serious lung injury. 
McKeen et al (99) showed that intravenous infusion of 10% fat emulsion 
in sheep caused physical obstruction but little evidence of injury to the 
microvascular barrier. Barie et al, however, disagree (6). The study of 
pathogenesis of the lung injury associated with microemboli revolves 
around four major possibilities, namely, intravascular coagulation (129), 
platelets (163), physical injury (111), and PMNs (52). 
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The essential role of intravascular coagulation in lung injury following 
trauma, sepsis, and shock is espoused by Saldeen and his group in Sweden 
(87, 103, 129, 130). Malik and associates (93, 94) support the importance 
of fibrin and its degradation products. The evidence is certainly impressive. 
Saldeen early on made the clinical association between the amount of fibrin 
in pulmonary vessels and the development of ARDS or, as he prefers to call 
it, the microembolism syndrome. Heparin to prevent coagulation, proteo- 
lytic enzymes to increase plasmin and hasten fibinolysis, and depletion of 
fibrinogen in experimental animals largely prevented the microembolism 
syndrome. These results are to be expected since in Saldeen’s experimental 
work embolization is induced by intravenous thrombin. But Malik & van 
der Zee (94) showed that heparin and fibrinogen depletion protect dogs 
following glass microemboli. Unfortunately, Binder et al (10) could not 
demonstrate that fibrinogen depletion or heparin protected sheep. 

Saldeen (130) believes the real culprit in the microembolism syndrome 
is a specific inhibitor of fibrinolysis. In this view, during fibrinolysis fibrin 
degradation products are formed which, if given the opportunity, increase 
microvascular permeability. Inhibition of fibrinolysis promotes injury be- 
cause the slowed rate allows a prolonged release of fibrinolytic peptides 
thereby giving time for the endothelial injury to develop. In other words, 
too rapid fibrinolysis does not cause increased permeability; neither does no 
fibrinolysis at all. ` 

Vaage and his associates (162, 163) showed that plåtelet embolization in 
the lung will promote an increase in vascular leakiness. But the platelet - 
effect is transient and does not lead to prolonged permeability changes 
(151). These results have been confirmed (11, 53) and are very important 
in the overall picture of acute lung injury. There is little doubt that part of 
the initial injury in several experimental models is due to platelet emboliza- 
tion of the lung. 

The heart-lung bypass literature reveals that blood flowing through mem- 
brane oxygenators and returning to a patient or experimental animal causes 
an immediate pulmonary hypertension and increased microvascular perme- 
ability (113). This has been well-documented by Delaney et al (36) in 
unanesthetized sheep. They showed that immediately after recirculation of _ 
blood through an extracorporeal device there was an increase in lung lymph 
and protein flow that lasted for two or more hours. Following this, although 
blood continued to flow through the oxygenator, there was no further effect. 
Binder et al (11) found that platelet embolization of the lung, using anti- 
platelet serum, caused an immediate marked pulmonary hypertension and 
a brief period of increased fluid and protein exchange in sheep. Once the 
platelets had been depleted, however, embolization still caused the delayed 
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increase in microvascular permeability. This description matches that of 
septic lung injury. The pulmonary response to microemboli also has an 
early hypertensive phase and a delayed increased permeability phase. Short- 
term experiments on enibolization (94) lead to somewhat different conclu- 
sions than long-term experiments (111). 

Fountain et al (53) compared the role of platelets and leucocytes in the 
hypertensive phase of extracorporeal oxygenator-induced injury. They 
found that although there was a profound leucopenia with marked retention 
of PMNs in the lung, sulfinpyrazone, an antiplatelet aggregation agent, 
blocked almost all of the plumonary hypertension without affecting the 
leucocyte sequestration. Several other workers have shown beneficial effects 
of agents that interfere with platelet aggregation (90, 120). The pulmonary 
microvascular response to several agents depends upon a time-related in- 
teraction of various elements. ' 

When we found we could not prevent the microembolism-induced perme- 
ability increase by fibrinogen or platelet depletion, we speculated that physi- 
cal injury might account for the syndrome (111): high distending pressure 
together with a high linear velocity of blood flow through the restricted 
microcirculation might be sufficient to injure the endothelial barrier. New 
evidence, however, leads us to abandon this concept, at least in its original 
form. Physical restriction of the pulmonary microcirculation by successive 
lobar resection (85) does not cause an increased permeability edema. It 
causes edema, but it is high pressure edema (see the section on high altitude 
edema). More germane is the finding that leucocyte depletion prevents most 
of the permeability increase after emboli even though the obstruction and 
high microvascular pressure still occur (52). 

A few additional words are in order about neutrophils in the lung. 
Normally there are large numbers of neutrophils in the capillaries and 
marginated in the venules in the lung (151) but few neutrophils outside the 
vascular compartment (30). Apparently, these do no harm. In the acute 
phase of ARDS, however, the lung interstitium is full of neutrophils. Sev- - 
eral workers have related neutrophil sequestration in the lung to injury (97, 
98). Recently, Johnson & Malik (76) confirmed the necessary neutrophil 
component of acute lung injury. Since Malik has been a strong proponent 
of the fibrin injury theory, a reconciliation of these two positions is needed. 
He suggests an interaction between intravascular clotting and neutrophils. 
Unfortunately, Lindquist in Saldeen’s lab did not find that leucopenia 
affected the lung injury due to thrombin-induced fibrin microemboli (87). 

Our own experiments on microemboli in anesthetized and unanesthetized 
(52) sheep point strongly to leucocyte involvement. Depletion of leucocytes 
by nitrogen mustard eliminated a large part of the increased permeability 
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. response to microemboli. Leucocyte depletion did not affect the hyperten: 
sive phase. 

A word of caution is necessary. Neutrophil sequestration in the lungs, no 
matter how dramatic, does not necessarily cause injury (53, 102). The lung 
injury due to ethchlorvynol is a direct toxic injury to the endothelium, but 
it causes profound leucocyte retention in the lungs (48). 

Many workers (36, 68) believe that microvascular injury by neutrophils 
requires their activation by complement. This provocative idea needs to be 
confirmed in each type of lung injury in which PMNs are ees to be the 
active agent. 

Although the microembolism syndrome is important in its own right, is 
it sufficient to account for the ARDS syndrome, as Saldeen believes (129)? 
In experimental animals, dynamic lung compliance is decreased and the 
alveolar-arterial oxygen tension difference is increased. There is an increase 
in pulmonary vascular resistance and an increase in fluid and protein perme- 
ability. But these tend to be limited to several hours duration and infre- 
quently result in death, suggesting that additional factors remain to be 
discovered. 


Hydrochloric Acid Aspiration 


Aspiration of acid or gastric contents (Mendelson’s syndrome) has marked 
and immediate pulmonary effects (23). Although the syndrome has been 
known for over 30 years and intensive modern therapy has been applied, 
the mortality rate is still substantial. My discussion is limited to the effects 
of hydrogen ion on alveolar-capillary permeability. The acid injury is virtu- 
ally instantaneous because lung fluids rapidly buffer the Ht to a harmless 
level (pH > 2.5) (77). No injury is caused if the aspirate pH > 2.0 
(0.01 N). 

Several experimental studies of increased permeability injury caused by 
0.1 N HCl have been published recently, and the data about its early natural 
course are in agreement. A rather large inoculum (> 2 ml/kg) is necessary 
to cause significant injury. A large volume of 0.1 N HCI appears to be more 
injurious than a small volume of 1 N HCl. This may be because the more 
concentrated acid injures a much smaller area of lung and literally cauter- 
izes the tissues thereby sealing off the destroyed area. 

The acid injury is immediate and direct (74). Edema begins to form 
rapidly as shown by continuous measurements of weight gain in lung lobes 
(158), gross edema developing over 2-3 h (107), and a rapid increase in the . 
clearance of low molecular weight tracers (such as °°Tc-DTPA) from fluid 
instilled into the air spaces (77). 
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Substantial controversy revolves around whether there is any specific . 
treatment, particularly whether concentrated albumin solutions or high 
dose corticosteroids are useful. Toung et al (158), using the isolated per- 
fused dog lung lobe, found that large amounts of concentrated human 
serum albumin given within 3-5 min of 1 N HCI aspiration were nearly 
100% effective in preventing the increased permeability edema. Neither 
Grimbert and associates (62) nor Nanjo in our laboratory (107) were able 
to find any beneficial effect of concentrated albumin solutions given intrave- 
nously, either before or after 0.1 N HCl aspiration, to anesthetized dogs 
with an open thorax, self-perfused, weighed lung lobe. Thus, in intact 
animals, there is no evidence that treatment with concentrated albumin 
solutions is any more useful than in other forms of increased permeability 
edema. 

Toung et al found that high dose corticosteroids were beneiicial in pre- 
venting the increased permeability injury, if they were given shortly after 
the acid aspiration (< 5 min). This use of corticosteroids has been examined. 
both clinically and experimentally. Clinical studies have not detected any 
beneficial effect (23), but these studies are always complicated by other 
features of the injury and by the difficulty of equating individual case 
reports. The animal studies have also been controversial. Glauser et al (59) 
failed to show any beneficial effects of corticosteroids following acid injury 
in dogs. His group measured alveolar-capillary membrane permeability to 
small inert tracer molecules placed in the air spaces. Shellita & Murphy 
(137) found that corticosteroids do have beneficial effects after acid aspira- 
tion: methylprednisolone prevented PMN infiltration into the acid-injured 
lobe and favorably altered alveolar macrophage function. Although PMNs 
are present in large numbers during the late inflammatory reaction to acid, 
they are not involved in the immediate chemical injury. This is conclusively 
proven by the completely isolated, perfused lung lobe experiments in which 
there are no circulating PMNs. 


Neurogenic Pulmonary Edema 

Instantaneous pulmonary edema due to brain trauma (141) is probably a 
myth (147), but acute pulmonary edema does occur, albeit not commonly, 
in association with severe head injury, subarachnoid hemorrhage, increased 
cerebrospinal fluid pressure, and convulsions. It is called neurogenic be- 
cause of the apparent dominant role played by a-adrenergic discharge. 
Neurogenic edema was believed (8, 89, 132) to be of the high pressure type 
and due principally to the massive a-adrenergic discharge, which caused 
intense peripheral vasoconstriction, displacement of blood to the central 
circulation, and changes in left ventricular wall stiffness that increased left 
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atrial pressure. These events and the associated edema were largely pre- 
vented by a-blockade. 

In a provocative paper, Theodore & Robin (155) reviewed the clinical and 
experimental data and suggested that neurogenic pulmonary edema is prob- 
ably of the increased microvascular permeability type. They speculated that 
the endothelial barrier was injured by transient overpressurization. There 
was little evidence of increased pulmonary vascular pressure in the clinical 
literature on neurogenic edema. They reasoned that this is exactly what one 
would expect if the massive peripheral vasoconstrictor effects caused only 
a transient period of very high pulmonary vascular pressure. 

Their theory fits the concept of pressure-induced permeability increases 
(pore-stretching) proposed by Shirley et al (138) and supported by the data 
of Schneeberger & Karnovsky (133) and of Pietra et al (117). Although we 
have never found any evidence of pore-stretching in pulmonary edema due 
to high pressure (45, 85, 100), that could be because we never raised the 
pressure high enough in our steady-state experiments. In transient condi- 
tions much higher pressures could be obtained. 

Wray & Nicotra (170) reported one patient in whom continuous pressure 
measurements showed transient episodes of high pulmonary arterial and 
wedge pressure, apparently supporting Theodore & Robin. Carlson et al 
(25) reported one patient with acute pulmonary edema following intra- 
cranial hemorrhage in whom very high pulmonary vascular pressures were 
also reported. They found, in samples of edema fluid, that plasma protein 
concentration ratio average 0.76; they argued that the edema in their patient 
could be explained on the basis of the high pressure rather than increased 
permeability. Their conclusion surprises me since the high protein concen- 
tration in the edema fluid (up to 0.85 of the plasma level at one point) 
indicated increased endothelial barrier permeability, especially when com- 
pared to the large differences measured in edema fluid protein concentra- 
tions in patients with hemodynamic and increased permeability edemas by 
the same workers (24). 

Neither of the patient reports can be used to confirm or deny a particular 
theory of the pathogenesis of neurogenic pulmonary edema. Indeed, high 
pulmonary vascular pressure may be a very important component of the 
process. According to Starling’s equation, fluid filtration under any circum- 
stances is proportional to and driven mainly by the microvascular hydro- 
static pressure (148). 

New experimental data, however, does not entirely fit the high pressure 
theory. Two groups (16, 92) raised cerebrospinal fluid (CSF) pressure in 
anesthetized sheep; both recorded pulmonary arterial and left atrial pres- 
sures continuously. Although lung lymph and protein flow were moderately 
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increased, they did not record any high vascular pressures, transient or 
otherwise. One can argue that the general anesthesia and trauma of surgery 
(both necessary for these experiments) blunted the sympathetic discharge. 
But one cannot explain away the fact that lymph and protein flow increased 
without any significant pressure changes. The authors of these papers inti- 
mate that there may be a direct effect of sympathetic discharge within the 
pulmonary circulation. Malik’s group (64) followed this idea further by 
stimulating the sympathetic efferent nerves to the lungs (and other intra- 
thoracic organs) directly in anesthetized sheep. Lung lymph and protein 
flow increased slightly, but pulmonary artery pressure and cardiac output 
also increased. Thus, they could not clearly separate hemodynamic from 
permeability changes. 

Another very interesting form of neurogenic edema is that associated 
with convulsions (9, 88, 131), which can also be prevented by a-blockade. 
This phenomenon was reproduced in the anesthetized, paralyzed sheep by 
using the convulsant bicuculline (143). In the only data thus far reported, 
transient large increases in pulmonary vascular pressure usually occurred 
during convulsions and seemed to be correlated with the subsequent in- 
creases in lung lymph and protein flow. These data, if confirmed, clearly 
support the hypothesis of Theodore & Robin. 

_ Although a-blockade is the usual means of blocking neurogenic edema, 
naloxone appears to be partially effective in preventing the lymph and. 
protein flow increases seen in sheep during elevation of CSF pressure (115). 

In summary, neurogenic pulmonary edema appears to be of the increased 
permeability variety, but its genesis is more complex than has been sup- 
posed. High vascular pressure appears to be coupled to some intrapulmo- 
nary effect of sympathetic outflow on endothelial barrier conductance. 


Oxygen Toxicity 

The dilemma of oxygen need and oxygen toxicity in patients with acutely 

injured lungs is real enough. There can be no doubt that the prolonged 

breathing of oxygen-rich mixtures harms the lungs of experimental animals. 

Presumably this holds true for man as well. Current practice is to limit 
inspired oxygen to the lowest fraction and the shortest duration necessary 

to obtain adequate systemic oxygen delivery. Exactly what injury is caused 

by oxygen, when it occurs, and how it can be prevented or treated is the 

subject of much investigation (28, 33, 156, 169). 

Normal experimental animals breathing 100% oxygen tie a a fairly 
stereotypic sequence of biochemical, histological, and functional changes 
terminating in death, usually within 3-5 days (18, 82). Monkeys may be an 
exception; although they get very sick and show interstitial edema, half of 
them survive and recover reasonably normal lung function (79). In all 
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species studied, however, the primary intrapulmonary site of injury appears 
to be the microvascular endothelium. 

Humans also show evidence of pulmonary abnormalities during exposure 
to high oxygen mixtures (28, 31). Although such exposure is not allowed 
to continue for long periods, the outcome would likely be similar to that 
of other animals. The question is whether humans are more like monkeys 
(79) or rats (35). 

The study of oxygen toxicity in association with acute lung injury is 
complicated. Some pathologists feel there is evidence for insult added to 
injury (121). Tierney et al (156) reviewed some of the interactions that affect 
the lung’s sensitivity to oxygen. Some of these increase sensitivity (paraquat 
and influenza pneumonia) but others decrease sensitivity (diet, prior expo-. 
sure to 0.85 atm oxygen). Attempting to sort out the contribution of high 
inspired oxygen tension to the pathologic picture of acute lung injury is 
probably an exercise in futility (5, 69). 

The biochemical lesion induced by oxygen appears to be related to the 
overwhelming of the body’s defenses against superoxide radical formation 
(33, 169). Briefly, in the course of normal oxidative metabolism, some 
highly active oxygen radicals (superoxide, hydrogen peroxide, hydroxyl 
ion) are produced but these are scavenged by the ubiquitous intracellular 
enzyme, superoxide dismutase. The rate of oxygen free-radical formation 
is increased by raising the partial pressure of oxygen, although it is not clear 
whether that is sufficient to saturate the dismutase pathway. Why is there 
a relatively long interval between the onset of oxygen breathing and the final 
toxic injury? Why can animals survive in 85% oxygen, but die breathing 
100% oxygen (35)? Perhaps additional factors come into play that ulti- 
mately spell defeat for the cellular defense mechanisms. 

Attempts to determine very early biochemical changes in the lung as a 
result of oxygen breathing are inconclusive. Likewise, attempts to detect 
early ultrastructural changes are equivocal. One group has obtained evi- 
dence for a modest increase in alveolar barrier solute permeability at about 
60 h (96). 

Important new data in lung fluid balance and microvascular permeability 
have been obtained. Lambs 2-4 weeks old were exposed to 100% oxygen 
for several days (18). Aside from a modest fall in pulmonary artery pressure 
and cardiac output at the onset of the exposure, no significant changes in 
hemodynamics were observed. There were also no changes in lung lymph 
flow, lymph protein concentration, or animal behavior until the third or 
fourth day, at which time lymph flow began to increase as did its protein 
concentration. Shortly thereafter the animals became sick and ultimately 
died. Mysteriously, the main terminal gas exchange problem was an acute 
respiratory insufficiency as indicated by a rising arterial CO, tension. There 
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was almost no stimulation to breathing. Arterial oxygen tension was well 
maintained until near death. The amount of lung edema, estimated histolog- 
ically and by the measurement of extravascular lung water content, seemed 
insufficient to cause death. Again, this suggests some additional effect of 
high oxygen concentration. The sequence of events in oxygen toxicity in 
adult sheep is very similar to that in the newborn lamb (46). 

Fox et al (54) found that in rabbits breathing 100% oxygen there is a 
terminal influx of PMNs on the third day. Shasby et al (136) reported that 
the mortality rate from oxygen breathing was reduced by half when rabbits 
were made neutropenic before oxygen exposure. In those animals that died, 
the lung showed very little evidence of edema or oxygen injury. The PMNs 
obviously had something to do with the lung injury, just as they do with 
endotoxemia and microemboli. But we cannot get away from the fact that 
other factors must be important since a third of the rabbits died anyway. 

Tolerance means the development of resistance to oxygen breathing by 
some preliminary maneuver (33). Tolerance can be induced by prolonged 
breathing of 85% oxygen and by prior exposure to other agents, such as 
nitrogen dioxide (34) and endotoxin (55). The most noticeable biochemical 
event in acquiring tolerance is an increase in the tissue concentration of the 
superoxide dismutase (33, 169). The association of increased levels of this 
enzyme with protection, and the possible role of PMNs in producing super- 
oxide radicals (128), is obvious. But whether there is a cause and effect 
relationship remains to be proven. Certainly, the concept of a terminal 
influx of neutrophils coupled with an increase in superoxide radical forma- 
tion is a tantalizing explanation for the sudden turn of events that occurs 
on about the third day. 

The acute lung injury, edema, and death following inhalation of hyper- 
baric oxygen (i.e. pressure > 1 atm) is quite a different story (9). This form 
of oxygen toxicity occurs quickly and is unlikely to be due to direct lung 
injury. It appears to result chiefly from the central nervous system effects 
of high oxygen pressure. Convulsions occur and the lung injury may repre- ` 
sent a form of neurogenic pulmonary edema (9, 28). 


High Altitude Pulmonary Edema 

The mechanisms of high altitude pulmonary edema and of pulmonary 
vasoconstriction in response to acute alveolar hypoxia are unknown, but 
one thing is certain. The former depends upon the latter; not necessarily as 
cause and effect but as a necessary antecedent. 

Mountain climbers, physicians, and investigators continue to be fas- 
cinated by this iliness, a fascination out of all proportion to its occurrence 
in man. The incidence in adults over 21 years of age is very low (73). It is 
more common in the young (91, 134) although the explanation for this is 
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not clear. Perhaps it is because the young are more active or have an 
excessive vasoconstrictor response to hypoxia. Those who have had an 
episode of high altitude edema are very susceptible to its recurrence; thus 
something about the individual’s response to hypoxia is the determining 
factor. High altitude edema occurs more frequently in fully acclimatized 
individuals who have descended to sea level and returned quickly to high 
altitude, but it also occurs in individuals who have never been at high 
altitude before (144). Coates et al (29) believe that interstitial edema occurs 
fairly commonly in individuals exposed to low barometric pressure. Their — 
evidence, obtained through indirect nuclear medicine methods to assay lung 
density in volunteers in a hypobaric chamber, is suggestive. 

High altitude pulmonary edema is classed as an increased permeability 
edema for two reasons. First, there is little evidence of heart failure or 
elevation of pulmonary wedge pressure (73). Second, in the older literature, 
the lungs of patients dying with high altitude edema were reported to have 
“proteinaceous exudate filling the alveoli” (3, 112). There is apparently no 
literature on the protein content of high altitude edema fluid, although there 
is an unpublished report (Wilson and Hultgren, personal communication) 
of a sample of edema fluid and blood plasma obtained from a climber on 
Mt. McKinley in Alaska. The protein concentration of the edema fluid was 
60% of that in plasma, definitely higher than that seen in patients with high 
pressure edema (24, 50) but borderline for a conclusive diagnosis of in- 
creased permeability edema. The data fit into that gray zone where a combi- 
nation of increased permeability and high pressure edema may coexist. This 
is quite reasonable, of course, because in high altitude edema the pulmonary 
artery pressure is very high and, presumably, the pressure is also high in 
some parts of the microcirculation. 

The leading theory to explain high altitude edema is the “over-perfusion 
concept,” most vigorously supported by Hultgren (73). According to this 
theory, the hypoxic pulmonary arterial vasoconstriction is so intense that 
it virtually shuts off a large portion of the pulmonary microcirculation, 
thereby restricting blood flow to a small fraction of the lung (165). Cardiac 
output is maintained and may even be augmented because a period of 
exercise frequently precedes the development of the edema. Thus, the entire 
cardiac output is forced through a restricted microvascular bed, and the 
high pulmonary artery pressure is transmitted to the perfused portion of the 
microcirculation and somehow causes the endothelial barrier injury. In this 
respect, high altitude pulmonary edema is like the microembolism syn- 
drome (111, 152). 

The report of four individuals with congenital absence of the right pulmo- 
nary artery who developed pulmonary edema in high altitude is provocative 
(63). The data certainly appear to support the over-perfusion theory, but 
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it doesn’t convincingly explain the injury (150). It takes more than high 
pressure and high linear blood flow velocity in the pulmonary microcircula- 
tion to damage the endothelial barrier (85). The acute alveolar hypoxia, 
which by itself does not alter microvascular permeability (13), may have an 
effect in association with high distending pressure and high shear forces. 

The possible role of neutrophil activation in the lung should not be 
ignored. Some of the clinical and pathologic descriptions of high altitude 
edema refer to unexplained bronchopneumonia (3, 112, 168) and a periph- 
eral leucocytosis (83, 91). 
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Phagocytes include neutrophils, eosinophils, and monocyte-macrophages. 
They are cells specialized for destruction. Their name reflects the fact that 
they routinely ingest large particles during the course of their activities (Gr. 
gayw, I eat). 

The objects that they destroy include invading pathogens, damaged and 
foreign cells, and connective tissue. Small targets such as bacteria and 
protozoa are destroyed after phagocytosis, a process by which the target is 
internalized into a cytoplasmic vesicle (the phagocytic vesicle) lined wich 
what was originally plasma membrane (1). Larger targets can be killed 
without internalization (2-4). Because many of the destructive agents em- 
ployed by phagocytes are nonspecifically reactive, normal tissue will be 
destroyed, especially near a region of inflammation where phagocytes acc.- 
mulate in large numbers (5-7); this accounts for much of the pathology at 
sites of inflammation. Pathogens are killed by all three types of phagocytes, 
though different phagocytes seem to specialize in different types of patho- 
gens. Neutrophils appear to have few other major functions, but eosinophils 
are thought to limit the extent of an allergic response by the destruction of 
mediators (8), while the mononuclear phagocytes are the major elements 
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involved in the removal of damaged tissue and the elimination of unwanted 
particulates including foreign bodies, aged red cells, circulating immune 
complexes, etc. Mononuclear phagocytes (in the form of osteoclasts) are 
also involved in the remodelling of bone (9). 

With few exceptions, the elimination of these objects involves their hy- 
drolytic degradation by enzymes that are present in the lysosomes of the 
phagocytes. Pathogens, however, are killed before they are degraded. The 
killing mechanisms on the whole are separate from those involved in degra- 
dation, although certain killing mechanisms cause limited degradation of 
the target as a byproduct of their lethal activity. There is evidence that 
partial destruction of the outer layers of a pathogen, not fatal per se, may 
sensitize the organism toward agents that it ordinarily resists. This article 
is concerned with the mechanisms employed by phagocytes to kill invading 
pathogens. 


Granules and Degranulation 


A phagocyte contains lysosome-like granules consisting of proteins and 
mucopolysaccharides (10, 11) surrounded by a limiting membrane. Many 
of the proteins in the granules are hydrolytic enzymes (12), serving mainly 
to degrade ingested targets, while others participate directly in killing by the 
phagocyte. 

Contact between a target and the plasma membrane of the phagocyte 
leads to a sequence of events known as degranulation. The granules migrate 
to the region of contact, fuse with the plasma membrane, and release their 
contents onto the target. The target may be outside the phagocyte but in 
contact with its membrane, or it may be inside the cell within a phagocytic 
vesicle. 

Recent studies provide tantalizing clues to the mechanism of degranula- 
tion, but a complete understanding is some time away. Microtubules facili- 
tate degranulation (13), perhaps by organizing the interior of the cell (14, 
15) as they appear to do for chemotaxis (15), but they are not essential for 
this process (16-18). Ionic movements, including an. abrupt efflux of 
Ca?t, occur in response to agents that also induce degranulation (19); in 
addition, extracellular ions strongly influence the course of degranulation 
(18, 20, 21). How these ions exert their effects on granule movement and 
fusion is not known. Actin-containing microfilaments, the motor of phago- 
cytes, are stripped away from the plasma membrane at sites of degranula- 
tion, permitting contact between the granule and the cytoplasmic face of the 
plasma membrane (22, 23). Are microfilaments also related to granule 
movement (17, 24)? If so, what is the significance of the finding that the 
depolymerization of microfilaments by cytochalasin B does not prevent 
degranulation (17, 21)? Morphological concomitants of granule fusion, 
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including the clearing of membrane-embedded proteins from regions of 
fusion and the formation of a pentalaminar membrane by the close apposi- 
tion of the trilaminar granule and plasma membranes, have been reported 
in several systems (25-27), but a recent study suggests that these may be 
artifacts of fixation, of uncertain relationship to the fusion process (28). 
With regard to the biochemical basis of fusion, the recent finding that 
arachidonic acid is rapidly released from the membrane phospholipids of 
stimulated neutrophils (29) and mast cells (30) is intriguing in view of the 
ability of monoacyl phosphatides and free fatty acids to induce cell fusion 
in other systems by facilitating the reorganization of the phospholipid 
bilayer (31). These are only two of many types of fusion-promoting agents; 
others include Ca”*, certain polyols, and the fusogenic glycoproteins of 
syncytium-forming viruses (32, 33). It remains to be seen whether any of 
these is involved in the fusion event. 


Anaerobic Killing 


The occurrence of anaerobic killing mechanisms in phagocytes was demon- 
strated by Mandell, who showed not only that they exist in these cells but 
also that against many organisms they are as potent as the oxygen-depend- 
ent killing mechanisms (34). Relatively little work has been done, however, 
on the systems employed by phagocytes to kill in the absence of oxygen. For 
this reason, anaerobic killing mechanisms are rather less well understood 
than their aerobic counterparts. 


ACIDIFICATION Phagocytic vesicles are rapidly acidified, the pH within 
the vesicle falling detectably in less than 10 minutes (35). How acidification 
takes place is not known, though a proton-transporting ATPase would seem 
possible, since such enzymes occur in other tissues in which pH gradients 
are generated (36). 

The fall in pH potentiates the destruction of the target, since many 
granule enzymes involved in killing and digestion operate best at pH 4—5 
(37). Acidification may therefore be regarded as an auxiliary microbicidal 
mechanism. By itself, however, acidification has little antimicrobial power. 
Pneumococci may be killed solely as a result of vesicle acidification, since 
this species is very susceptible to a drop in the pH of its environment (38). 
Other organisms are relatively unaffected by a modest fall in the surround- 
ing pH. 


HYDROLASES Although most of the hydrolases of phagocytes act only 
after the target is dead, a few appear to play a direct role in the killing 
process. These are lysozyme, arginase, and glycosidases. 
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Lysozyme, found in the granules of all classes of phagocytes and actively 
secreted by macrophages, is an enzyme that catalyzes the hydrolysis of 
peptidoglycan, a gigantic macromolecular net which envelops the plasma 
membrane of a bacterium and provides the organism with its resistance to 
osmotic lysis (39). Lysozyme acts to destroy this net and strip the organism 
of its protection against osmotic stress. 

Because peptidoglycan is widely distributed among bacteria and fungi, 
lysozyme should kill a broad spectrum of organisms. Most bacteria, how- 
ever, are resistant to lysozyme, in some cases because access of the enzyme 

‘to the peptidoglycan is prevented by other cell wall constituents (e.g. 
lipopolysaccharide, in the case of Gram negative organisms), and in other 
cases because the peptidoglycan itself is altered so as to make it a poor 
substrate for the enzyme (39). Organisms whose peptidoglycan is suscepti- 
ble to lysozyme, including Micrococcus lysodeikticus, Bacillus megatherium 
and fungi such as Cryptococcus neoformans and Coccidiodes immitis, are 
killed by the enzyme (40-42). Against such organisms, the lysozyme in 
phagocytes is likely to represent a potent antimicrobial agent. Against most 
organisms, however, lysozyme is probably of little use, except in certain 
instances where other systems sensitize intrinsically lysozyme-resistant or- 
ganisms to the action of the enzyme. 

Arginase, an enzyme that catalyzes the hydrolysis of arginine to ornithine 
and urea, is secreted in large quantities by stimulated macrophages. Certain 
types of tumor cells are killed when incubated with arginase-secreting mac- 
rophages or with medium conditioned by such macrophages, their deaths 
resulting from arginine starvation due to the destruction of this (for them) 
essential amino acid by the arginase in the medium (43). Arginase thus 
represents an oxygen-independent killing agent in this rather artificial sys- 
tem. Whether arginase plays a- similar role under more physiological cir- 
cumstances remains to be established. 

Glycosidases are enzymes that cleave polysaccharides. They are impor- 
tant for the degradation of carbohydrate residues in materials ingested by 
phagocytes (12, 44). Lipopolysaccharides of Gram negative bacteria are - 
largely carbohydrate, and as such may be degraded by these enzymes. Loss 
of part of the lipopolysaccharide is probably not fatal to the bacteria because 
mutant organisms lacking portions of the lipopolysaccharide grow well in 
vitro (45). Such a loss could, however, sensitize an organism to certain 
microbicidal proteins present in the phagocyte (see below). Thus, glycosi- 
dases may serve an important auxiliary role in the lethal action of the 
phagocyte. 


SPECIFIC GRANULE CONTENTS In addition to the azurophil granules 
(lysosomes) common to all phagocytes, neutrophils and eosinophils each 
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contain a class of specific granules unique to that particular cell. In both 
cells, the contents of the specific granules are thought to participate in 
killing. ; - 

The specific granules of neutrophils contain apolactoferrin (46), cobalam- 
in-binding protein (47), collagenase (48), and about half the lysozyme in the 
phagocyte. These substances are liberated into phagocytic vesicles, and in 
addition are secreted into the extracellular environment in regions of in- 
flammation (49). Two of them—lysozyme and apolactoferrin—participate 
in killing. 

Apolactoferrin is a protein with an exceedingly high affinity for iron (50). 
It is thought to aid in killing by depriving microorganisms of essential iron. 
A few organisms are killed outright by iron starvation (51), but most 
survive, though growth is retarded (52) and virulence is reduced (53). 
Apolactoferrin thus potentiates microbial killing, but for the most part is 
not itself microbicidal. 

The cobalamin-binding protein is a molecule capable of taking up a wide 
variety of cobamides and transporting them to the liver for excretion (54). 
This protein has been postulated to participate in microbial killing, but 
evidence supporting this role is sparse. An alternative hypothesis is that the 
protein aids in the disposal of bacterial cobamides, a heterogeneous group 
of compounds which if not eliminated could act as antimetabolites of coba- 
lamin in mammalian tissues. Though this hypothesis is consistent with what 
is currently known about the cobalamin-binding protein, it is supported 
only by indirect evidence. The true function of the protein remains to be 
established. i 

The specific granules of eosinophils contain a crystalloid surrounded by 
an amorphous matrix. The matrix contains a peroxidase different from the 
myeloperoxidase of neutrophils and mononuclear phagocytes (55, 56) (see 
above), as well as an acid phosphatase (55). The crystalloid consists largely 
of major basic protein, a small cationic protein (57). 

The major basic protein is involved in host defense against schistosomia- 
sis (57). It acts on the schistosomula, the larval forms that penetrate the skin 
to initiate an infection. Eosinophils are able to adhere to the schis- 
tosomulum, where they discharge the major basic protein onto its surface. 
This protein, which in pure form can kill the schistosomulum, disrupts the 
cuticle of the parasite. The eosinophils then burrow into the schis- 
tosomulum and the organism is destroyed. Major basic protein also kills 
trichinella, presumably by a similar mechanism (58). 


CATIONIC PROTEINS Cationic proteins are proteins that are positively 
charged at physiological pH. Many cationic proteins are present in phago- 
cytes, their charge permitting them to interact effectively with the nega- 
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tively charged surfaces of ingested particles. Phagocytin, a cationic protein 
extracted from neutrophils by low pH buffers, was the first such to be 
assigned an antimicrobial function (59). More recently, others have been 
proposed as antimicrobial agents (60-62). Fractionation reveals that the 
cationic proteins represent a heterogeneous mixture whose antimicrobial 
specificity varies from component to component (60-62). Some components 
of this mixture are proteases, but their proteolytic activity is independent 
of their antimicrobial function. 

These cationic proteins raise many questions. To what extent are different 
laboratories studying the same proteins? What is the significance of the fact 
that some of the cationic proteins, at least, are only able to kill microorgan- 
isms at unphysiologically low ionic strength (62)? What does the antimi- 
crobial activity of polycations like histone and polyarginine mean with 
respect to the role of cationic proteins? How do these proteins work? 

Answers to several of these questions are suggested by important studies 
from Elsbach and his collaborators. These workers purified to homogeneity 
a potent antimicrobial cationic protein from rabbit heterophils (63) and a 
similar protein from human neutrophils (64). Apart from an antimicrobi- 
ally irrelevant phospholipase activity present in the rabbit but not the 
human protein, both of these proteins have similar properties. They are 
ineffective against Gram positive bacteria, but under physiological condi- 
tions of pH and ionic strength they are highly active against Gram negative 
organisms. Escherichia coli mutants whose lipopolysaccharides are incom- 
plete (rough mutants) are much more sensitive than wild-type bacteria to 
the action of these proteins, but even wild-type organisms are efficiently 
killed. Killing is a consequence of the binding of the protein to the outer 
(lipopolysaccharide-containing) membrane of the bacterium (45). The 
mechanism by which the association between the protein and the outer 
membrane causes the death of the microorganism is not known. 


Oxygen-Dependent Killing 

Phagocytes are able to generate powerful oxidizing agents by the partial 
reduction of oxygen in a metabolic event known as the “respiratory burst.” 
These potent oxidants are employed by the cell to kill its target. 
RESPIRATORY BURST This is a change in O, metabolism that occurs 
when phagocytes are exposed to appropriate stimuli. Basal oxygen con- 
sumption by unstimulated phagocytes varies with cell type and, in the case 
of macrophages, with local conditions in the tissue of residence. Un- 
stimulated neutrophils consume little oxygen (65), whereas unstimulated 
alveolar macrophages consume considerable amounts of oxygen via mito- 
chondrial metabolism (66). All phagocytic cells, however, show large in- 
creases over their basal rates of oxygen consumption following exposure to 
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phagocytosable particles or other appropriate stimuli (67-69). Such a stim- 
ulated increase in oxygen consumption, which is unaffected by CN- (67) and 
therefore has nothing to do with mitochondrial energy production, is ac- 
companied by increases in superoxide (O7) (70-72) and hydrogen peroxide 
production (73) and in glucose oxidation via the hexosemonophosphate 
shunt (67). 

The biochemical basis for the respiratory burst is thought to be the 
activation of a membrane-bound oxidase which catalyzes the following 
reaction: 


20, + NADPH > 207 + NADP 1. 


This reaction accounts qualitatively for oxygen consumption and Oy pro- 
duction during the burst. The subsequent dismutation of O. to HO, 
explains the production of H,O,. Dismutation can occur either spontane- 
ously or via 


20; + 2H+ > H,O, + O, so a 


catalysis by superoxide dismutase, whose concentration in the neutrophil is 
approximately 10% that of the red cell. Hexosemonophosphate shunt activ- 
ity is increased by the availability of NADP, which is generated in Reaction 
1 and is also produced during detoxification of H20, by the cytoplasmic 
glutathione peroxidase-glutathione reductase couple (74, 75): 


— 

2 GSH + H,O, glutathione peroxidase GSSG + H,O 3. 
5 araa 

GSSG + NADPH glutathione reductase 2GSH +NADP 4. 


Activation of the respiratory burst involves a complex series of events 
that follow the interaction of the stimulus with the plasma membrane of the 
phagocyte. Activation can be accomplished by many agents, both particu- 
late and soluble (76), and requires neither phagocytosis nor degranulation 
to take place (77). Energy is necessary for activation (78). Under some 
circumstances, activation is reversible. (77). 

Although the molecular basis of activation is poorly understood, the 

following sequence of events occurs in response to an appropriate stimulus 
(79): 


047 production 
AcAMFP levels 
lysosomal enzyme release 


; 10 sec membrane 30-60 sec 
stimulus —————> Cnn a 


dépolarization 


320 GABIG & BABIOR 


Membrane depolarization precedes the onset of O7 generation, which be- 

gins simultaneously with degranulation and changes in intracellular cyclic 

AMP levels. The nearly simultaneous onset of these three events suggests 

that neither of the latter two are involved in the activation of the O.- 
‘generating enzyme. 

Recent studies suggest that proteases may be involved in the biochemical 
pathways leading to burst activation, at least in certain instances. Several 
synthetic and natural protease inhibitors were found to depress O77 genera- 
tion when the soluble activating agents concanavalin A and cytochalasin E 
were used as stimuli (80). 

Many workers believe that the enzyme which catalyzes Reaction 1 is an 
extensively studied membrane-associated (81) flavoprotein (82) which can 
use either NADPH or NADH as electron donor, but prefers the former (83, 
84). This enzyme can be detected in preparations from normal phagocytes 
that have been exposed to a specific activating stimulus prior to disruption. 
But it is absent in preparations obtained from resting neutrophils or from 
stimulated neutrophils isolated from patients with chronic granulomatous 
disease (CGD), an inherited condition in which phagocytes are unable to 
express a respiratory burst (see below). Some experts, however, believe that 
other enzymes, particularly an NADH-specific oxidase, may be responsible 
for Oy formation during the respiratory burst (reviewed in 85 and 86). A 
set of useful criteria for identifying the O.--forming enzyme has been 
proposed to help settle the issue (87). 

The possibility that a b-type cytochrome participates in the respiratory 
burst has recently attracted interest. A heme protein with a cytochrome. 
b-like spectrum was discovered in rabbit neutrophils in 1966 (88), and in 
human cells in 1977 (89). The cytochrome is absent in some patients with 
CGD, which suggests a connection with the respiratory burst, but other 
CGD patients have normal amounts in their neutrophils (90). Questions 
have been raised as to whether this protein might represent myeloperoxi- 
dase, eosinophil peroxidase, or contaminating microsomal cytochrome bs 
or P459. The cytochrome can be separated from myeloperoxidase in subcel- 
lular fractionation studies of neutrophil homogenates (91), which rules out 
identity with myeloperoxidase, but convincing data that this cytochrome is 
not a microsomal cytochrome bs or altered P4509 (i.e. P420) is lacking. More 
importantly, there is no clear evidence that this cytochrome is involved in 
the oxidase activity of the respiratory burst (i.e. Reaction 1 above). At 
present the function of this b-type cytochrome of human neutrophils is 
unclear, as is its relation to the respiratory burst oxidase. 

KILLING Several O,-dependent killing mechanisms are postulated to 
occur in phagocytes. Two are on reasonably solid experimental footing: the 
peroxide-halide-myeloperoxidase mechanism (92), and a mechanism em- 
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ploying highly reactive oxidizing radicals. Other proposed mechanisms 
have little experimental support as of now. 

Myeloperoxidase is a heme enzyme present in high concentration in the 
azurophil granules (93). It is a constituent of a microbicidal system whose 
other components are HO, and Cl. These serve as substrates for the 
peroxidase, which catalyzes their conversion to HOCI and water (94). The 
HOCl is thought to be the proximate microbicidal agent in this system. How 
it kills the microorganism is not known, though the findings that the system 
can chlorinate intact bacteria (95) and can mediate the oxidation of amino 
and sulfhydry! groups of proteins (96) suggest indirectly that killing may 
result through the alteration of essential macromolecules. 

Phagocytes have been shown to produce highly reactive oxidizing radi- 
cals, including hydroxy! radical (OH) and possibly others (97, 98, 98a,b). 
These radicals arise by the reaction of Oy and HO, (99) and perhaps other 
peroxy compounds (100). The reaction between O7 and HO, is known as 
the Haber-Weiss reaction; it requires iron as a catalyst. 

Reactive oxidizing radicals can kill bacteria both in artificial systems 
(101) and in neutrophils themselves (102). Oxidizing radicals probably 
represent the proximate effectors in the oxygen-requiring myeloperoxidase- 
independent microbicidal systems of neutrophils. Nothing is known about 
how they kill bacteria, though their ability to damage DNA suggests that 
they may act by destroying the genome. 

Other agents that have been postulated as effectors in oxygen-dependent 
killing by neutrophils are H,0., Oy” itself and singlet oxygen. H,O, alone 
is weakly microbicidal and may act in this capacity in neutrophils, particu- 
larly in combination with ascorbic acid (103). Oy, on the other hand, is 
surprisingly innocuous and appears to play no role in bacterial killing by 
neutrophils except as a precursor of more potent oxidants. Singlet oxygen, 
a reactive electronically excited form of O2, has been postulated as a mi- 
crobicidal agent primarily on the basis of experiments with singlet oxygen 
trapping reagents (104) and studies of neutrophil chemiluminescence (105). 
The evidence is ambiguous, however, because neither light emission nor the 
- trapping reagents are specific for singlet oxygen (106, 107). Furthermore, 
theoretical considerations suggest that singlet oxygen, if formed, is unlikely 
to survive long enough to do much damage (108). We believe that singlet 
oxygen has little if anything to do with microbial killing by neutrophils. 


Inherited Abnormalities Affecting Microbicidal Systems 


Defects in microbial killing that are well characterized from a biochemical 
point of view have not yet been reported among the anaerobic killing 
systems, but several involving oxygen-dependent killing have been de- 
scribed. 
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CHRONIC GRANULOMATOUS DISEASE CGD, discovered by Berendes 
et al (109), was the first inherited abnormality of bacterial killing to be 
described. The disease is generally characterized by recurrent and severe 
bacterial infections from early childhood, though some affected individuals 
have little trouble. The functional defect is an inability of the cells to express 
a respiratory burst (110, 111). CGD neutrophils thus cannot generate mi- 
crobicidal oxidants and have to rely exclusively on anerobic mechanisms for 
the destruction of most invading pathogens. The bacteria most resistant to 
these mechanisms are S. aureus and the enterobacteriaceae. These bacteria 
are killed poorly by CGD neutrophils, and it is these organisms that are 
responsible for most of the infections in patients with CGD (112). 

Biochemically, the disease is characterized by an. inability to detect the 
activity of the O.--forming oxidase in cell-free preparations obtained from 
stimulated CGD neutrophils (113). In cases studied to date, the lack of 
oxidase activity appears to be due to a defect in the apparatus responsible 
for activating the dormant oxidase (114, 114a); whether or not the oxidase 
itself is present in CGD neutrophils is not known. Indeed, two cases have 
been reported in which O.--forming activity is elicited with some normally 
competent stimuli but not with others (115, 116), which suggests that the 
activation apparatus itself consists of multiple elements, malfunction of any 
of which will give rise to CGD. 

CGD neutrophils have been used as an experimental tool to aid in the 
assignment of the respiratory burst oxidase. As of now there are three 
candidates vying for this honor: the membrane-associated NADPH oxi- 
dase; an NADH oxidase whose location in the neutrophil may vary with 
the cell’s metabolic state; and a particulate b-type cytochrome. These were 
discussed above. In our view, the present evidence strongly supports the 
membrane-associated NADPH oxidase as the enzyme responsible for the 
respiratory burst. 

CGD is easy to diagnose. The major symptom complex suggesting its 
presence is a history of recurrent deep bacterial infections in a child or an 
adult. But it is difficult to manage (116a). Prophylactic antibiotics have 
partially ameliorated the problems posed by acute bacterial infections (117), 
but fungal infections are now a serious problem. In addition, there is a rising 
incidence of fibrosis with secondary organ dysfunction, presumably a result 
of imperfect suppression of localized infections with persistent chronic 
inflammation. In this category of complications, pyloric stricture, bowel 
obstruction, bladder fibrosis, and pulmonary fibrosis have all been de- 
scribed. Approaches to the prevention of these complications might include 
yet-to-be described improvements in antibiotic prophylaxis, bone marrow 
transplantation (118), and genetic counselling. This last approach has re- 
cently been strengthened by the development of a test to diagnose CGD in 
the fetus (119). 
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GLUCOSE-6-PHOSPHATE DEHYDROGENASE (G-6-PD) DEFICIENCY 
Though customarily regarded as a disease of red cells, G-6-PD deficiency, 
if severe enough, leads to an impairment in the respiratory burst of neutro- 
phils, with a clinical picture very similar to CGD except for the hemolytic 
anemia (120, 121). The failure of neutrophils to express a respiratory burst 
in this condition is presumably due to inefficient generation of NADPH, the 
reducing agent used by the respiratory burst oxidase. The impairment of the 
respiratory burst in severe G-6-PD deficiency is an additional piece of 
evidence supporting NADPH oxidase, as opposed to NADH oxidase, as the 
enzyme responsible for the respiratory burst. 


MYELOPEROXIDASE (MPO) DEFICIENCY MPO deficiency, originally 
thought to be an unusual condition, is apparently rather common, though 
rarely suspected because it produces few symptoms (122). This is because 
the destruction of bacteria by MPO-deficient cells, while greatly delayed, 
is eventually complete, a situation contrasting with CGD, in which bacteria 
survive and multiply with affected neutrophils (123). Oxidizing radicals 
apparently fulfill the antibacterial role of the peroxide-halide-MPO system 
in MPO-deficient cells. On the other hand, C. albicans survive within these 
cells (124). It is of interest that while patients with MPO deficiency are 
normally resistant to bacterial infections, they seem to be unusually suscep- 
tible to candidiasis, particularly if they are diabetic. 


DEFICIENCY OF H,0,DESTROYING ENZYMES Neutrophils defend 
themselves against destruction by their own oxidants by means of four 
enzymes comprising three antioxidant systems: (a) superoxide dismutase, 
which converts O7 to oxygen and H,0,; (b) glutathione reductase plus 
glutathione peroxidase, which together reduce H,O, to water at the expense 
of NADPH (see above); and (c) catalase, which dismutes H,O, to oxygen 
and water. The glutathione-dependent system is equipped to handle low 
concentrations of H20,, while catalase is most effective at higher concentra- 
tions (125). 

Familial glutathione reductase deficiency was described by Roos and 
co-workers (126). Inherited as an autosomal recessive condition, the disease 
presents as a hemolytic anemia brought on by oxidant stress. The respira- 
tory burst of reductase-deficient neutrophils is much briefer than normal, 
lasting for only 3-5 minutes instead of the usual 20-30. The biochemical 
basis for this abbreviated burst is not yet worked out, but it presumably has 
to do with damage to the neutrophil brought about by either depletion of 
reduced gluthathione or the unopposed action of the H,O, that diffuses 
from its site of origin into the cytoplasm of the cell. In any case, the 
truncated burst is sufficient, since patients with glutathione reductase defi- 
ciency resist infection normally, and S. aureus are killed normally by glu- 
tathione reductase-deficient neutrophils. 
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The same laboratory studied neutrophils from patients with acatalasia 
(127). Left to themselves, cells from these patients behave normally. When 
exposed to external H,O,, however, they acquire defects in degranulation 
and the respiratory burst that are not seen in similarly treated normal 
neutrophils. The clinical benignity of acatalasia indicates that the defect in 
neutrophil function induced by exposure to HO, is of no functional signifi- 
cance. 
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Introduction ; 

Pseudomembranous enterocolitis has-been associated with gastrointestinal 
surgery, low birth weight, intestinal obstruction, uremia, hypotensive car- 
diovascular diseases, and drugs (1). Microscopically, inflammation is seen 
in the superficial colonic mucosa along with mucosal ulcerations and the 
formation of a pseudomembrane composed of fibrinogen, degenerating 
mucosal cells, and leukocytes. During the past decade, antibiotic therapy 
has-been the major cause of pseudomembranous colitis in man, leading to 
use of the term antibiotic-associated colitis (AAC). In the mid 1970s, AAC 
was frequently attributed to clindamycin and lincomycin therapy, but since 
then most antibiotics have been implicated in its causation. The direct cause 
of AAC is not an antibiotic but toxigenic Clostridium difficile, a large 
gram-positive anaerobic bacillus originally isolated in 1935 from the feces 
of 4 of 10 healthy infants (2). Since then, C. difficile has occasionally been 
recovered from patients with septicemia or wound infections and is now 
recognized as playing an important role in enterocolitic inflammatory dis- 
eases. 


Role of Clostridia in Diarrhea and Colitis 

Clostridial toxins have diverse biological characteristics such as dermone- 
crotizing, hemolytic, edema-producing, neurotoxic, cardiotoxic, en- 
terotoxic, and other proteolytic activities. Various domesticated animals 
have enzootic and epizootic syndromes of diarrhea that are frequently 
caused by C. perfringens and other clostridia. In humans, C. perfringens 
(type A) only causes a watery diarrhea while toxins of C. perfringens (type 
C) in some countries causes “pig-bel,” a life-threatening disease of abdomi- 
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nal bloating and hemorrhagic diarrhea. Pig-bel usually follows pork con- 
sumption by individuals who usually live on a protein-deficient diet. 
Exciting work from Papua New Guinea has shown that a toxoid of this 
clostridial toxin can prevent “pig-bel” in humans (3), a finding that may be 
applicable to other clostridial diarrheas. 

The etiological role of C. difficile in AAC was discovered by several 
groups between 1976 and 1978 employing the hamster model. This animal 
was used by Small in 1968 to study the gastrointestinal effects of lincomycin; 
however, his data gained little attention because few reports of serious 
diarrhea related to this drug existed then (4). Subsequently it was shown 
in hamsters that a single, low dose of clindamycin caused a hemorrhagic 
cecitis that resembled AAC in humans (5, 6) 

After hamsters were given an antibiotic challenge, some clostridial genera 
(particularly C. difficile) increased quantitatively and a fecal cytotoxin 
appeared. Most antibiotics tested in the hamster cause similar lesions (7). 
Colitis was also produced in hamsters by giving intracecally, or orgastri- 
cally, large numbers of C. difficile grown in broth cultures (5). Bacteria-free 
fecal filtrates from antibiotic-treated animals with colitis contained a cyto- 
toxin that caused AAC after being given intracecally or orgastrically to 
normal animals. Similar biological effects were seen when broth filtrates of 
C. difficile, or fecal toxins from diseased animals with colitis were given 
intradermally to rabbits, or intracecally or intraperitoneally to hamsters. 
The toxin(s) of C. difficile are neutralized ir vitro by incubation with an 
antitoxin raised against C. sordellii toxin (8). Current thoughts are that 
immunological similarities probably exist between toxins of C. difficile and 
C. sordellii. Hamsters immunized passively with C. sordellii antitoxin by 
several routes survived lethal challenges of intracecally administered C. 
difficile toxin or a lethal challenge of antibiotic (9). Koch’s postulates were, 
therefore fulfilled in the hamster and data generated in humans closely 
paralleled these studies (10, 11). ° 

C. difficile may produce several types of toxins and most isolates are 
toxigenic. To date, the best-characterized tcxin causes cytopathic altera- 
tions in tissue culture monolayers of fibroblastic lines. Small amounts 
(ng/ml) of this cytopathic toxin-lead to a retraction of cultured cells, which 
then “lift-off?” from the container surface. C. @ifficile cytotoxin is heat-labile 
and susceptible to acid, alkaline, and trypsin treatment. It is not ether- 
extractable and has a molecular weight > 1 X 10°. Following ammonium 
sulfate precipitation, the toxin appears to b2 protein with an affinity for 
anionic-exchange resins (12). This assay has been proven by many groups 
to be positive in confirmed cases of AAC. For instance, Bartlett et al (13) 
found that stools of 75 of 76 patients with confirmed enterocolitis contained 
the toxin. C. difficile toxin was not found in feces of patients with other 
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forms of gastrointestinal disease. Similarly this assay has usually been nega- 
tive in patients who are taking antibiotics and have watery diarrhea (with- 
out biopsy-proven colitis.) 


Incidence and Epidemiology of C. difficile Colitis 


The incidence of antimicrobial and clostridial enterocolitis throughout the 
world is not well delineated. Many recent reports have added to the list of 
antibiotics that cause AAC, and only a few antibiotics are free from this 
indictment. AAC is caused by antibiotics to which C. difficile may be either 
sensitive or resistant by in vitro susceptibility testing. The best incidence 
data were accrued when much attention was focused on clindamycin in 
1977-1978. A letter to physicians from the manufacturer indicated an 
overall incidence in the US of 1 per 100,000 treated patients. In Dallas, the 
incidence of AAC for clindamycin was 1 per 5000 whereas in St. Louis, 
diarrhea was seen in 21% of patients who received clindamycin, and colitis 
in 10% (1). Other studies from Louisiana and Ohio revealed no significant 
diarrhea or enterocolitis with clindamycin. These incidences may represent 
regional differences in occurrence of C. difficile colonization within the 
population or differences in diagnostic criteria used by various physicians. 

The human and/or environmental reservoirs of C. difficile have not been 
well studied. Thus far, C. difficile has been isolated from the urogenital 
cultures of 72% of 108 women in a venereal disease clinic and all 42 men 
cultured with nonspecific urethritis (17). Other studies are underway now 
that an excellent selective media is available. 

Newer roles for C. difficile in causation of colonic disease have recently 
been described. The organism and its toxin were found in feces of patients 
having exacerbations of chronic ulcerative colitis (14) and Crohn’s disease 
(15), and in the diarrheal stools of a few patients with pseudomembranous 
enterocolitis following the use of antineoplastic drugs but not antibiotics; 
the latter patients responded satisfactorily to treatment with oral vancomy- 
cin (16). 


Clinical Manifestations of Antibiotic-Associated Colitis 


Clostridial enterocolitis is seen in all ages but is more common in elderly 
women. Symptoms generally begin within a week of starting antibiotic 
therapy but may occur up to four weeks after stopping antibiotic(s). AAC 
is seen more commonly with oral administration of antibiotics but does 
occur with parenteral therapy. While the degree of diarrhea is variable, 
most patients with biopsy-proven enterocolitis have a watery diarrhea num- 
bering 10-20 watery stools per day. Over half of our patients with AAC 
have blood and/or mucous in their stools. Abdominal tenderness is usually 
minimal but occasional -patients will have a “surgical” abdomen with ab- 
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dominal rigidity and toxic megacolon. Fever and a hypoalbuminemia are 
also seen in the majority of patients with AAC, and a peripheral blood 
leukocytosis is common (18). 


Diagnosis 

AAC is diagnosed by only a few tests. Examination for fecal leukocytes has 
not been helpful nor have gram stains to identify large numbers of gram- 
positive rods. Stools should be examined for ova and parasites and cultured 
selectively for other enteric pathogens (such as salmonella or shigella) 
because other pathogens can masquerade as clostridial enterocolitis. A 
selective agar media incorporating antibiotics (cycloserine and cefoxitin) is 
now available and can detect as few as 100 organisms of C. difficile per gram 
(wet weight) of feces (19). Unfortunately cultural identification requires 2—3 
days of incubation under fastidious anaerobic conditions, and some patients 
may carry C. difficile without toxin being present in their stools. 

One useful assay is to identify C. difficile toxin by incubation of bacteria- 
free filtrates of patients’ stools with fibroblastic tissue cultures. Toxic stool 
filtrates cause characteristic changes within 6-24 hours of incubation in 
these tissue cultures. However, some bacterial toxins in fecal filtrates may 
be missed by these culture lines. 

Batts et al (20) found stool filtrates from three patients with AAC that 
caused cytotoxicity only in a rat mammary carcinoma cell culture (Walker 
line). AAC in these patients and the cytopathogenicity of their feces was 
attributed to toxigenic Staphylococcus aureus. In the early 1960s, en- 
terotoxic S. aureus were felt to be the major cause of AAC but this idea 
fell into disrepute in the 1970s (1). Thus while C. difficile has assumed its 
proper recognition as the dominant cause of AAC, staphylococcal en- 
terocolitis should also be considered in the diagnosis of AAC. In clinical 
settings where these tissue culture assays are not available, direct visualiza- 
tion of the colon should be relied upon to diagnose AAC. 

Patients may show abnormal results of barium contrast enemas late in 
the course of AAC, but we believe this procedure may be hazardous because 
of possible perforation. The most definitive procedure to perform in patients 
after the onset of severe diarrhea is proctosigmoidoscopy. This technique 
may reveal either only a few or hundreds of friable yellowish-white plaques 
per colonic segment. Histological examination of a colonic mucosa biopsy 
is also important as early changes of AAC may exist that are inapparent 
at sigmoidoscopy. Colonoscopy should always be performed if the protosig- 
moidoscopy is normal in patients who are clinically toxic from their diar- 
rhea. We and others have been able to identify AAC by, colonoscopy when 
lesions were beyond the reach of the proctosigmoidoscope (25). It is most 
important that a definite diagnosis of AAC be established as several treat- 
ment modalities can then be more promptly employed. 
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Treatment 


Treatment can be divided into specific and nonspecific measures. Important 
nonspecific measures should include discontinuation of the inducing antibi- 
otic(s) or other drug(s), and the intravenous delivery of electrolytes and 
other fluids to combat dehydration. While parenteral corticosteroids were 
shown to be somewhat effective in the hamster model, thus far their use 
had not been extensively studied in humans with AAC. Agents that dimin- 
ish intestinal motility such as atropine, belladonna, or diphenoxylate should 
also be avoided. Diarrhea is believed to be a protective reflex in this setting 
and should not be retarded. 

Cholestyramine ameliorated diarrhea in 12 patients with AAC (22), and 
in the hamster it had only modest effects (7). We have used cholestyramine 
only in a few patients prior to recognizing that vancomycin was an effective 
treatment for AAC. Possible uses for cholestyramine may include treating 
patients with AAC who are clinically nontoxic or who have relapsed during 
or following oral vancomycin therapy. Colostomy, ileostomy, or even a 
colectomy may be required when life-threatening diarrhea occurs that is 
refractory to therapy or when toxic megacolon and colonic perforation(s)- 
are present. The major treatment goal is to eradicate the fecal clostridia with 
antibiotics; currently vancomycin appears to be the drug of choice in treat- 
ing clostridial (11, 18, 23, 25) and staphylococcal (24) AAC. Diarrhea and 
clinical toxicity disappear within 3-5 days of starting vancomycin therapy 
as does the toxin of C. difficile in fecal filtrates. 

Virtually all isolated C. difficile are sensitive to vancomycin at levels less 
than 4 ug/ml of broth media (26). In hamsters challenged with lethal doses 
of antibiotics, C. difficile and its toxin disappear from the feces if treated 
once daily with oral vancomycin (21, 27). Very high concentrations of 
vancomycin (2000-5000 ug/ml of fecal filtrate) are achieved in the feces 
of humans given this drug orally (23, 24). Vancomycin is not absorbed well 
orally and is nontoxic by this route. The appropriate length of treatment 
is not well established but is between 7 and 10 days, and at least 125 to 250 
mg should be given orally four times a day to adults. The minimum oral 
dose of vancomycin effective in AAC still needs to be established. Its only 
major disadvantages are a bitter aftertaste and a cost of between $40 and 
$80 per day. Relapses are also being reported following the use of vancomy- 
cin therapy (28). Their occurrence may be related to reinfection from the 
environment, to location of C. difficile in colonic areas where it can elude 
vancomycin exposure (or by sporulation?), or to host-resistance factors. 


Conclusions 


In the past decade C. difficile has been implicated in the etiology of an 
increasing number of enterocolitic inflammatory diseases. C. difficile is the 
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major cause of AAC, which is diagnosed visually most often by proctosig- 
moidoscopy and/or colonoscopy. Tissue culture assay for the detection of 
C. difficile cytotoxins in fecal samples of patients with diarrhea is also 
supportive in the work-up and assists in treatment. Patients who are 
severely ill and unresponsive to simple modalities, such as hydration and 
the withdrawal of the inducing drug, should be treated with oral vancomy- 
cin. Prevention of this disease may lie in the development of a toxoid. 
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Herpes simplex virus infections of man have been recognized since ancient 
Greek times; however, encephalitis caused by this virus was only first 
described in the early 1940s by Smith, who isolated this pathogen from 
infected brain tissue (1). Subsequently, herpes simplex virus infections of the 
central nervous system have been considered the most common cause of 
sporadic fatal encephalitis (2, 3). Over the past four decades numerous case 
reports of herpes simplex encephalitis have appeared in literature attempt- 
ing to define the course of infection as well as the outcome following various 
modalities of experimental treatment. This overview considers recent ad- 
vances in our understanding of this disease and its treatment as based 
primarily upon data collected over the past decade through the National 
Institute of Allergy and/Infectious Diseases Collaborative Antiviral Study 
Group. i 


‘DIAGNOSIS 


Characteristically, herpes simplex encephalitis occurs in both sexes (male- 
to-female ratio of 1:1), at all ages, in all races, and throughout the year. 
Infection of the brain with herpes simplex virus tends to localize in the 
temporal and orbital-frontal lobes of the brain (4, 5) and results in hemorr- 
hagic necrosis, which can rapidly progress over varying periods of time (a 
few days to a week) generally to death. The pathogenic basis for localization 
of herpes simplex virus to the temporal lobe remains unknown at this time. 
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Based upon the necrotizing nature of the infection, many of the signs and 
symptoms of disease can be predicted. The most common findings are 
personality change, disorientation, and hallucinations associated with fluc- 
tuating levels of consciousness (2, 5). Behavioral manifestations are com- 
mon (5, 6). Other nonspecific findings include akinetic mutism, dysphasia, . 
hemiparesis, fever, and altered mentation. Many patients presenting with 
herpes simplex encephalitis are judged to have psychiatric disorders rather 
than infections of the central nervous system. Focal seizures are associated 
with proven disease although their occurrence is not uniform. The clinical 
findings of the disease are not diagnostic and, therefore, other evaluations 
are necessary. 

The diagnostic assessment of patients with a presumed focal encephalitic 
process focuses on cerebrospinal fluid and neurodiagnostic examinations. 
Examination of the cerebrospinal fluid usually demonstrates an increased 
number of white cells that are predominantly mononuclear in nature. How- 
ever, importantly, there are a few cases where no cellular pleocytosis was 
evident in the cerebrospinal fluid (5-8). Invariably, red blood cells are 
present with as many as 500 or even 1000 being reported (5, 9). As the 
disease progresses, cerebrospinal fluid protein becomes elevated; yet 
proteinosis may not be of significant help diagnostically in that other dis- 
eases may result in similar findings. The electroencephalogram can be of 
great value in establishing the diagnosis of herpes simplex excephalitis, 
especially in the presence of periodic high voltage discharges localized to 
one area of the brain. The electroencephalogram is more sensitive than 
other neurodiagnostic tools such as the brain or computerized axial tomo- 
graphic scans (8). The electroencephalographic picture may vary rapidly 
over a period of a few days; such changes generally do not occur with other 
diseases capable of mimicking herpes simplex encephalitis. The technicium 
brain scan and/or computerized axial tomography can be helpful in diagno- 
sis whereby localization, edema, hemorrhage, changes in ventricular size, 
and midline structural shifts may appear. It has not been uncommon. for 
patients with technicium brain scans suggestive of herpes simplex enceph- 
alitis to have unrevealing computerized axial tomography scans. (5). 

Laboratory assessment of either serum or cerebrospinal fluid specimens 
remains to be established as useful for diagnosis. Specifically, antibody 
ratios of serum to cerebrospinal fluid, although reported to be useful by 
some (10), have not been validated in the experience of others (11). Retro- 
spective diagnosis, by demonstrating a four-fold increase in cerebrospinal 
fluid antibodies, occurs in only 80-85% of patients with proven infection 
and may occur as frequently as 15-20% in individuals who have other 
diseases. As would be expected, individuals with other central: nervous 
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system diseases can excrete herpes simplex virus peripherally, which may 
account for the appearance of antibodies both in serum and cerebrospinal 
fluid (11). Newer diagnostic tests are in various stages of development; a 
promising one is an excreted glycoprotein assay (12). 


BRAIN BIOPSY 


At present, the only conclusive means of making a diagnosis is brain biopsy. 
In the Collaborative Antiviral Study of 184 patients undergoing brain 
biopsy for presumed herpes simplex encephalitis, only 105 had confirmed 
disease or 57% of the overall study population. Of major significance, of the 
remaining 79 individuals who were biopsy-negative for herpes simplex 
virus, diagnoses were established in 35. Thus, a diagnosis was achieved in 
76% of cases studied. Diagnoses in patients with focal signs of encephalopa- 
thy not having herpes simplex encephalitis include cryptococcal infection 
of the brain, abscess, arteriovenous malformations, St. Louis encephalitis, 
Epstein-Barr virus encephalitis, subacute sclerosing panencephalitis, 
mumps, lymphocyctic choriomeningitis, Reye’s syndrome, and tumor (13). 
Most of these diseases were identified through a diagnostic brain biopsy 
procedure. Complications (hemorrhage) from the biopsy itself were few, 
occurring in less than 3% of the study population. 

Additional studies can be performed on brain tissue to assist the diagnos- ` 
tic process. These include immunofluorescence and electron microscopy as 
well as routine histology. Histology in many cases, but not all, shows 
characteristic perivascular cuffing, lymphocytic infiltration, hemorrhagic 
necrosis, and neuronophagia. Intranuclear inclusions are present in only 
about half of the cases (5). With electron microscopy or direct im- 
munofluorescence, diagnosis can be achieved in as many as 70% of cases 
within three hours of the biopsy procedure itself (5). 


THERAPY 


Therapy of herpes simplex encephalitis with adenine arabinoside will de- 
crease mortality and improve morbidity. Adenine arabinoside (vidarabine, 
ara-A) in a controlled study was shown to be effective in reducing the 
mortality rate from 70% in placebo recipients to 28% in drug recipients 
(14). These findings were statistically significant 30 days after onset of 
therapy (P = 0.03), as shown in Figure 1. Although the number of placebo 
recipients in this study was small, the British Working Party on herpes 
simplex encephalitis recently demonstrated in a double-blind controlled 
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Figure 1 Morbidity and mortality in biopsy-proven herpes simplex encephalitis. (From Ref. 
13, used by permission). 


investigation of cytosine arabinoside that mortality both in drug and 
placebo recipients was in excess of 70% (15). 

Data from all reported controlled investigations other than the adenine 
arabinoside treatment groups are summarized in Table 1. In all these thera- 
peutic studies brain biopsy proof was the scle criterion for diagnosis. The 
mortality with placebo or either idoxuridine or cytosine arabinoside is in 
excess of 70% and normal survivors account for less than 9% of patients. 
These findings add credence to the reduction of mortality evident with 
adenine arabinoside therapy. The collaborative Antiviral Study Group has 
verified the observation of reduced mortality with adenine arabinoside 
therapy of proven disease. The mortality rate of 93 proven patients is 
identical to that demonstrated in the controlled investigation (14). More- 
over, not only level of consciousness but also age are important determi- 
nants of outcome. Individuals lethargic at the time of the diagnosis and 


Table 1 Summary of therapeutic trials i cha brain biopsy proof for diagnosis of 
herpes simplex encephalitis 


© 


3 Mortality? i Morbidity :(no./survivors) 
Treatment (no. dead/total) Severe Moderate None 
Placebo (USA) (14) 7/10 1/3 1/3 1/3 
Placebo (England) (15) 8/11 1/3 2/3 0/3 
Cytosine Arabinoside 
(England) (15) 8/12 3/4 1/4 f 0/4 
Idoxuridine (USA) (16) 5/6 1/1 0/1 0/1 


28/39 (72%) 6/11 (55%) 4/11 (36%) 1/11 (9%) 


aOne year after disease. 
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institution of therapy and those less than 30 years of age had the best 
prognosis, as only 10% die and over 60% return to a prior level of function. 
Lethargic individuals, irrespective of age, return to the same level of func- 
tion as prior to the onset of the encephalitis in 50% of all cases studied. 
Delaying diagnosis and institution of therapy until semicoma or coma ensue 
decreases the number of normal individuals at one year of life to approxi- 
mately 20% overall (13). On long-term follow-up, significant neurologic 
improvement is evident in all survivors of the disease process, particularly 
in those who are young. 

_ Adenine arabinoside is administered intravenously at a dosage of 15 
mg/kg/day for a period of ten days. The drug is given over 12 hours in 
standard intravenous solution. The concentration should not exceed 0.7 
mg/ml}, Clearly, supportive care is essential in the management of the 
patient with this disease. Such supportive care must take into consider- 
ation that progressive cerebral edema is a consequence of the primary 
pathologic process. Agents to combat increased intracranial pressure must 
be utilized. In particular elevation of the head, mannitol and/or glycer- 
ol administration, and hyperventilation to maintain a reduced arterial 
Pco, are essential. The use of dexamethasone has not been substantiated 
as effective. 

Therapy of herpes simplex encephalitis with alatne arabinoside will 
result in decreased mortality and improved morbidity. Nevertheless, the 
mortality and morbidity remain significant; therefore, newer antiviral 
agents are currently in clinical trials to further improve the outcome. Such 
agents include vidarabine 5'-monophosphate and acyclovir. It is hoped that 
the advent of newer agents for this disease process and the development of 
noninvasive diagnostic procedures will further improve the outcome of this 
devastating infection. 
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PATHOGENESIS OF ACUTE #74038 
BACTERIAL DIARRHEAL 
DISORDERS? . 


Ralph A. Giannella, M.D.* 


Division of Gastroenterology, University of Kentucky School of Medicine, 800 
Rose Street, Lexington, Kentucky 40507 i 


INTRODUCTION 


Acute bacterial diarrheal disease is a major cause of morbidity and mortal- 
ity throughout the world. In underdeveloped countries, acute bacterial 
diarrhea is frequently disabling, recurrent, and significantly contributes to 
malnutrition and death. In this setting, it has been estimated that acute 
diarrheal disease may be responsible for 50% of infant mortality (1,2). 
While the mortality and impact is considerably less in the US it remains a 
major cause of morbidity, hospitalization, and loss of economic resources. 
In fact, acute diarrheal disease is second only to the common cold in causing 
time lost from work (3). 

This paper reviews the pathogenesis of the acute bacterial diarrheal disor- 
ders, emphasizing recent advances in our understanding rather than com- 
prehensively covering this vast subject. Because of space limitations, the 
individual bacterial enteropathogens. cannot be. considered. This paper 
confines itself to the mechanisms and pathogenesis of enteric bacterial in- 
fections; selected enteropathogens are considered only for illustrative pur- 
poses to emphasize particular mechanisms. The interested reader is referred 
to several recent symposia that comprehensively review various aspects of 
acute bacterial diarrheal disease (4-7). 
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ETIOLOGY AND EPIDEMIOLOGY 


Ten years ago a specific etiologic diagnosis could be made in only 20-25% 
of cases of acute diarrhea. Each year this figure has progressively increased 
so that an etiologic enteropathogen can ncw be identified in 50-80% of 
cases (8). This increase is attributable to the development of newer diagnos- 
tic techniques that permit the identification and documentation of a bac- 
terial enteropathogen and to the identification of new etiologic agents 
that were formerly not thought to be involved in causing acute diarrheal 
disease, e.g. enterotoxigenic Escherichia coli, Yersinia enterocolitica, Bacii- 
lus cereus, Campylobacter fetus, Vibrio parahemolyticus, the noncholera 
vibrios, Aeromonas hydrophilia, Klebsiellae, and other coliform organisms 
(8-21). 

The etiologic spectrum and incidence of specific bacteria in the etiology 
of acute diarrhea will vary with the specific population studied, the geo- 
graphic locale, the age of the subjects, the time of year, and the diligence 
with which specific etiologic agents are sought. For example, the etiologic 
agents of acute diarrhea are primarily viruses when children in Boston or 
Taiwan are studied (22, 23); enterotoxigenic Æ. coli are the primary eti- 
ologic agents recovered in children in the Tropics, in American visitors to 
Mexico, or in Apache Indians (24-26); Shigellae are the major etiologic 
agents in populations residing in custodial institutions (27). In general, 
however, enterotoxigenic Æ. coli, E. coli that elaborate the classical heat- 
labile and heat-stable enterotoxins, are quantitatively unimportant en- 
teropathogens for sporadically occurring acute diarrhea in either children 
` or adults in the US. In developing countries, enterotoxigenic E. coli may 
account for 50-80% of such cases. In the US, diarrhea in children under 
the age of 3-4 years, especially in the winter months, is usually due to 
rotaviruses (10, 28). 

In contrast to sporadically occurring diarrhea, when outbreaks of diar- 
rhea in the US are considered, the following pattern emerges. [Figures given 
are for foodborne outbreaks in 1973 but are similar for a number of other 
years as well (29, 30).] A bacterial etiology could be ascertained in 66% of 
such outbreaks. Salmonellae accounted for 26%, Staphylococcus aureus 
15.6%, Clostridium perfringens 7.1%, Shigellae 6.3%, B. cereus 0.8%, and 
V. parahemolyticus for 0.8% (29, 30). The most common foods involved 
are beef, pork and pork products, fish, poultry, and dairy products. In fact, 
particular etiologic agents are frequently associated with particular types of 
food, i.e. Salmonellae with eggs and poultry; S. aureus with custards, 
puddings, and potato salads; C. perfringens with poorly cooked meats and 
gravies; V. parahemolyticus with raw fish and shellfish; and B. cereus with 
rice (30, 31). 
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In addition to foodborne outbreaks, waterborne outbreaks of acute diar- 
rhea have also involved thousands of subjects. These involved Salmonellae 
(32), enterotoxigenic Æ. coli (33), Shigellae (34), and C. fetus (15). They 
serve as a reminder of our continued vulnerability to such outbreaks in the 
US. 


PATHOGENESIS 


The establishment of an enteric infection involves complex interactions 
between the host and the bacterium. These interactions involve various host 
factors, which function to prevent bacterial colonization of the bowel, and 
various bacterial “virulence factors,’ which function to overcome host 
defenses. l 


Host Factors 


Important host defense mechanisms against pathogenic bacteria include 
normal gastric acidity, small intestinal motility, mucosal immune systems, 
and the normal intestinal microflora (11, 31, 35-38). Other host factors have 
been described but are less well understood and less clearly established as 
defense mechanisms. ~ 

The ability of the stomach to secrete acid and lower the pH of gastric 
content below 4.0 is an important defense against ingested bacteria (38). 
Many bacteria are promptly killed at pH less than 4.0, e.g. Salmonellae, 
E. coli, V. cholerae, etc (39). Neutralization of gastric acidity with sodium 
bicarbonate markedly reduces the dose of FV. cholerae required to infect 
normal volunteers (40), and Salmonellae and cholera infections occur with 
increased frequency in subjects who have had a gastrectomy or who have 
achlorhydria (38, 41). 

A very important defense mechanism against ingested bacteria is normal 
small intestinal motility. Normal peristalsis sweeps ingested bacteria out of 
the small bowel into the colon. This process is probably aided by the action 
of secreted mucus, which helps to remove inert particles from the mucosal 
surface. These actions keep the small intestine sparsely populated with 
bacteria (35-37). When small intestinal motor function is absent or inhib- 
ited, bacteria proliferate and colonize the small intestine-(35, 36), experi- 
mental enteric infection becomes easier to establish (42), enteric infection 
may worsen, and bacterial shedding may persist longer (43). 

The mucosal immune system is another defense mechanism against pa- 
thogenic bacteria. Discussion of intestinal immunity is beyond the scope of 
this paper but data relevant to cholera infections are described to illustrate 
the point. Previous infection with V. cholerae confers long-lasting protec- 
tion against rechallenge in volunteers (44). Oral immunization of experi- 
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mental animals with cholera toxin confers immunity against subsequent 
challenge with either live V. cholerae organisms (45) or with cholera toxin 
(46). Intestinal immunity to cholera appears to be both antitoxic and an- 
tibacterial. Antitoxic and antibacterial antibodies have been found in the 
small intestinal fluid and in feces of experimental animals recovering from 
cholera and have been shown to originate both from the mucosal immune 
system and from the serum (45, 47). Intestinal antibodies prevent binding 
of cholera toxin to its receptor sites on the brush border of the small 
intestinal epithelial cell (48) and also prevent V. cholerae organisms from 
adhering to the mucosal surface of the small bowel (47, 49). 

The normal resident microflora of the intestine resists intrusion of and 
colonization by ingested microorganisms (35-37). This resistance can be 
overcome by antibiotic treatment and the resistance correlates with the 
anaerobic population especially that of Bacteroides (50). Various factors 
contributing to this resistance include production of toxic metabolites, espe- 
cially short-chain fatty acids; competition for nutrients, competition for 
space, especially on the mucosal surface; and the maintenance of a low 
oxidation-reduction potential (35, 37). 

In spite of all these host defense factors, the prevalence of enteric infec- 
tion attests to the ability of bacterial enteropathogens to overcome them and 
to establish disease. 


Bacterial Factors 


Bacterial enteropathogens have many attributes and specialized functions 
that promote “infectivity” and permit them to overcome host defenses. 
Collectively these attributes are called “virulence factors.” These include 
the ability to (a) elaborate enterotoxins that alter intestinal salt and water 
transport mechanisms (8, 11, 51-54), (b) adhere to and thus colonize the 
mucosal surface (54-69), and (c) invade and penetrate the intestinal mucosa 
(60-63). The ability of coliform organisms to elaborate enterotoxins and to 
adhere to the mucosa is genetically determined by extrachromosomal ele- 
ments or plasmids that are transmissible to related organisms. The ability 
of V. cholerae to elaborate enterotoxin and of Salmonellae, Shigellae, and 
£. coli to invade resides in the traditional chromosomes. 

Since intestinal motility is a major host mechanism of bacterial clearance, 
the ability of bacteria to resist being swept away in the intestinal stream is 
a prime virulence factor of bacterial enteropathogens. The major mecha- 
nism that operates to overcome intestinal motility is the ability of patho- 
genic bacteria to adhere to the mucosal surface (37, 54-59). Another 
mechanism that may work in concert with the ability to adhere is chemo- 
taxis, the ability of motile bacteria to respond to chemotactic signals re- 
leased by the mucosa. These chemical signals attract bacteria from the 
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intestinal stream to the mucosal surface. Thus far, strains of E. coli, V. 
cholerae, and Salmonella typhimurium have been shown to respond to this 
mechanism (64, 65). 

Other properties that may enhance virulence and help to overcome host 
defenses mechanisms are (a) motility of bacteria (64-66), (b) elaboration 
of enzymes that may aid in the passage of bacteria through the mucus coat 
of the intestine to reach the cell surface and substances to aid in the invasion 
of the mucosal cell (55, 67, 68), (c) resistance to phagocytosis, and (d) the 
elaboration of substances by the bacteria that interfere with normal motor 
function of the intestine (69). These factors operate in various animal sys- 
tems, but they currently are of uncertain importance in man and further 
research is needed. 

The bacterial elaboration of enterotoxins, bacterial adherence, and bac- 
terial invasion of the mucosa, are important processes and are considered 
in greater detail below. 


ENTEROTOXINS Enterotoxins are defined operationally as substances 
elaborated by bacteria that provoke fluid and electrolyte secretion by the 
intestine. This definition encompasses two major types of substances (51). 
The first, the traditional enterotoxins, are exotoxins that cause diarrhea by 
altering intestinal electrolyte transport mechanisms without causing any 
significant alterations in mucosal histology, e.g. cholera toxin. The second 
type, cytotoxins, are exotoxins that cause alterations of mucosal histology, 
even to the point of causing death of epithelial cells, e.g. clostridial and 
staphylococcal enterotoxins. The mechanisms by which the traditional en- 
terotoxins cause diarrhea are reviewed below. The mechanisms by which 
the cytotoxins cause diarrhea are uncertain. All bacterial enterotoxins thus 
far purified have proved to be proteins and all appear to act primarily on 
the small intestine (8, 11, 51-54). 

Strains of bacteria that elaborate enterotoxins are V. cholerae, nonchol- 
era vibrios, V. parahemolyticus, Y. enterocolitica, E. coli, Klebsiella sp., 
Enterobacter sp., Citrobacter sp., Serratia sp., A. hydrophilia, Shigella sp., 
Salmonella sp., C. perfringens, S. aureus, and B. cereus (8, 11, 51-54). 
Other bacteria may also elaborate enterotoxins but these are less certain at 
present. The enterotoxins with cytotoxic properties include those of 
C. perfringens, S. aureus, Sh. dysenteriae, V. parahemolyticus, A. hydro- 
philia, B. cereus, and some elaborated by E. coli (11, 51-54). Since most 
is known about cholera toxin regarding its structure, action at the mem- 
brane level, mechanism of activation of adenyl cytlase, and mechanisms of 
intestinal secretion, this toxin is discussed indepth. This seems justified 
because in many ways cholera toxin is a prototype of enterotoxin structure 
and function (51, 53, 54, 70-74). 
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After ingestion, the F. cholerae organisms adhere to the surface of and 
colonize the small intestine. They then elaborate cholera toxin, which irre- 
versibly binds to a receptor located on the brush border of the villus epi- 
thelial cell. This binding interaction stimulates adenylate cyclase and 
increases the intracellular concentration of cyclic AMP. The latter process 
results in the secretion of water and electrolytes by the small intestine. 
Diarrhea results because the volume of fluid secreted by the small intestine 
exceeds the reabsorptive capacity of the colon. All the manifestations of the 
natural illness can be produced by administration of cholera toxin (51, 53, 
54, 74). 

Cholera toxin is a protein (84,000 daltons} composed of two components 
called A and B. The B component, responsible for binding of the molecule 
to the cell receptor, is composed of five identical subunits. The A compo- 
nent, which is sufficient to activate adenylate cyclase in broken cell prepara- 
tions, consists of two fragments, A; and A», joined by a disulfide bond. The 
molecule is globular and is composed of a ring of five B subunits surround- 
ing a single A subunit (70, 71). This subunit structure is very similar to that 
of several other toxin peptides, in all of which portions of the toxin molecule 
cross cell membranes to interact with components of the cell interior, 
thereby inducing the cellular actions of the toxins. This subject and the 
common features shared by these various toxins are elegantly discussed by 
Gill (70). Recently published evidence sugzests that Shigella enterotoxin 
may possess a similar subunit structure (75). 

Cholera toxin binds to its receptor, the sialyl residues of GM, ganglioside, 
via its B component. After conformational changes within the cell mem- 
brane and the cholera toxin molecule, hydrophobic interactions between the 
A component and the cell membrane cause the A component to penetrate 
the membrane. The disulfide bond linking the A, and A, subunits is reduced 
and the A, peptide fragment is released (70, 71). The A; peptide activates 
adenylate cyclase, located on the inner surface of the cell membrane, by a 
complex enzymatic reaction involving NAT, ADP-ribose, ATP, GTP, and 
other factors (70, 72). These reactions, alter various epithelial electrolyte 
transport processes, and fluid and electrolyte secretion occurs (54, 73, 74). 
Specifically, cholera toxin induces intestinal secretion primarily by blocking 
the coupled influx (from lumen to blood) of sodium and chloride across the 
brush border while stimulating the secretion or outward flux (cell to lumen) 
of chloride and water (73, 74). These processes occur in the small intestine 
and diarrhea ensues (51, 54). Although various investigators have at- 
tempted to ascribe absorption and secretion of salt and water in cholera to 
different populations of cells within the small intestine, i.e. villus vs crypt 
cells, this area remains unsettled and no definitive statement can be made. 
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Comprehensive discussions of the various aspects of cholera toxin action 
can be found in several excellent reviews (54, 70-74). 

In addition to the progress made in our understanding of the structure 
and function of cholera toxin, much has been learned about Æ.. coli en- 
terotoxins (8, 9, 51, 54, 70, 72-74). Initially, Æ. coli of particular serotyes 
were epidemiologically incriminated as etiologic agents of childhood diar- 
rhea. These serotypes are called classical “enteropathogenic EZ. coli” or 
EPEC (9), and the mechanism by which they caused-diarrhea was unknown 
(9). Subsequently, strains of Æ. coli that elaborate enterotoxins were de- 
scribed and firmly established as causes of diarrhea (8, 9). These Æ. coli, 
called enterotoxigenic Œ. coli, elaborate two enterotoxins, a heat-labile 
enterotoxin (LT) and a heat-stable enterotoxin (ST). These enterotoxigenic 
strains are serologically unrelated to the classical EPEC, which by and large 
do not elaborate either LT or ST (8, 9). LT is a large molecular weight 
protein that is immunochemically similar to cholera toxin and apparently 
induces intestinal secretion by the same adenyl-cyclase-sensitive mechanism 
that cholera toxin does (8, 51, 54, 70, 72-74). ST, on the other hand, is a 
small molecular weight peptide (74, 76, 77) that is structurally and func- 
tionally different than either Æ. coli LT or cholera toxin. ST induces secre- 
tion in both the small and large intestine (74, 78), binds to intestinal 
receptors distinct from those of E. coli LT or cholera toxin (79), and induces 
secretion by stimulating the guanyl cyclase-cyclic GMP system (74, 80). 

There are several E. coli ST’s, differing in structure and in host specificity 
(81, 82). To further the confusion, other organisms also elaborate ST’s, e.g. 
Klebsiella sp., Enterobacter sp., Y. enterocolitica (52, 83). The latter ST has 
been shown to cause alterations in intestinal transport similar to those 
caused by ŒE. coli ST and to activate guanyl cyclase (83). It now seems 
evident that the term ST, defined as an exotoxic substance elaborated by 
bacteria that induces intestinal secretion even after heating, encompasses a 
chemically heterogeneous group of enterotoxins probably elaborated by a 
variety of organisms. 

In addition to causing diarrhea by the production of LT and various ST’s 
other strains of Æ. coli elaborate a cytotoxin distinct from both LT and ST, 
and a toxin similar to shigella enterotoxin. Still other strains of Æ. coli cause 
diarrhea by undefined mechanisms (9, 54). Recently, the classical EPEC 
have been shown to release substances that induce intestinal secretion in 
rats. The nature of these substances is unknown. The complex subject of 
E. coli diarrhea and E. coli enterotoxins is succinctly reviewed by Rowe (9) 
and Evans (54). Further information regarding the various enterotoxins can 
be found in several reviews (4, 5, 31, 51-54, 60-62). Suffice it to say that 
many enterotoxins have been described but whether or not these play an 
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essential role in the pathogenesis of natural illness is uncertain. This is an 
important area for continued research. 


BACTERIAL ADHERENCE In 1971, Smith & Linggood (84) demon- 
strated that enterotoxigenic strains of Æ. coli must possess two attributes 
to cause diarrheal disease in piglets: the ability to produce enterotoxins and 
the ability to colonize the small intestine. Elaboration of enterotoxin alone 
was not sufficient to cause diarrhea. They also demonstrated that adherence 
of E. coli to the surface of the small intestinal mucosa was required for the 
proliferation of the organisms and the colonization of the small intestine 
(84). These two attributes have also been shown to be essential to the 
production of E. coli diarrhea in humans (85). The ability to adhere to the 
surface of the intestine appears to be important to the disease produced by 
E. coli, V. cholerae, Salmonellae, and Shigellae (55-60). Of these bacterial 
enteropathogens, adhesive factors have been most studied in Æ. coli and 
V. cholerae and my discussion deals with these organisms. For a more 
comprehensive discussion of bacterial adherence, the reader is referred to 
several recent reviews (37, 56, 58, 65). 

The most important mechanism by which enteropathogenic bacteria ad- 
here to the intestinal mucosa involves specific ligand-receptor binding in- 
teractions between bacterial structures called pili or fimbriae and specific 
receptor sites on the surface of the intestinal cell. Fimbriae are fine filamen- 
tous protein structures that occur on and protrude from the surface of the 

_ bacterium like hairs (57-59). Various kinds of fimbriae are involved in 
adherence to the intestinal cell. These are serologically distinct from one 
another, which probably reflects differing protein composition. 

Initially two such fimbrial antigens were appreciated in porcine strains 
of E. coli, K88 and K99, and these antigens were considered required for 
E. coli to be pathogenic for pigs. However, strains of Æ.. coli pathogenic for 
pigs but lacking the K88 and K99 antigens were soon found and this led 
to the discovery of a third adhesive-fimbrial antigen, 987p (86). A fourth, 
yet unnamed, fimbrial antigen, has recently been described (87). A similar 
situation occurred with strains of E. coli that cause diarrhea in man. Ini- 
tially a colonization factor antigen was discovered, CFA/I, that proved to 
be a pilus (88) and soon thereafter a second such factor was described, 
CFA/II (89). Some investigators thought that either of these particular 
colonization factors was required for virulence of enterotoxigenic Æ. coli in 
man. However, it is now clear that additional antigens, distinct from CFA/I 
and CFA/II, occur in human strains (90-92). It is likely that the list of such 
adhesive factors will continue to grow. Nevertheless the particular adhesive 
factors now appear to be species specific, i.e. K88 and K99 to porcine 
strains, CFA/I and CFA/II to human strains. This specificity of fimbriae 
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to host species is probably largely responsible for the host specificity of E. 
coli strains: human strains are not pathogenic for pigs and porcine strains 
are not pathogenic for man (9, 57). 

As summarized by Moon (59), the evidence incriminating these fimbriae 
as adhesive factors binding Æ. coli to the surface of the small intestine and 
as required factors for the causation of diarrheal disease is as follows: (a) 
the loss or gain of fimbriae by genetic means results in the loss or gain of 
the ability to adhere to and to colonize the intestine; (b) enteric infections 
with enterotoxigenic Æ. coli result in the production of circulating antibod- 
ies to pili; (c) adhesion to the intestine both in vitro and in vivo is blocked 
by type-specific anti-pilus antibody; (d) immunization of animals with puri- 
fied pilus vaccines protects against subsequet challenge with virulent organ- 
isms (93); and (e) diarrhea is produced in human volunteers by strains 
bearing such pili but not by those lacking such structures (85). 

The binding of enterotoxigenic Æ. coli to the intestinal epithelial cell 
involve§'specific receptors located.on the brush border of the villus cell. The 
receptors are specific for particular fimbriae and the same intestinal cell 
possesses various receptors, each of which binds to a specific type of pilus. 
For example, the porcine small intestinal cell has at least three, and perhaps 
four, distinct types of fimbrial receptors—receptors specific for K88, K99, 
and 987p antigen (87, 94). These receptors probably involve the oligosac- 
charide side-chain moieties of the membrane glycoproteins and glycolipids, 
since the binding of some bacterial enteropathogens to intestine can be 
inhibited by various sugars (58, 91, 95). However, since the binding of most 
strains of enteropathogenic Æ. coli do not seem to be inhibited by sugars, 
binding to groups other than sugars is probably also occurring. Recent 
evidence suggests that both hydrophobic interactions and Van der Waal’s 
forces may be involved in the binding of Æ. coli to the intestine (96, 97). 

The host receptors for enterotoxigenic Æ. coli are under genetic control 
(97). Two phenotypes of intestinal brush borders exist in the pig, those that 
bind and those that do not bind enterotoxigenic E. coli. The ability to bind 
E. coli is inherited in a simple Mendelian manner (97). Brush borders 
prepared from pigs resistant to infection by K 88-bearing Æ. coli do not bind 
the organisms, while brush borders from small animals who developed 
clinical illness do indeed bind the organisms. Thus, the presence or absence 
of such receptors may explain in part why only certain members of a 
population contract diarrheal illness although all are exposed, i.e. ingested 
bacteria cannot adhere to and thus cannot colonize the small intestine of 
the host lacking such receptors (97). A variety of additional factors, both 
bacterial and host, affect and modulate the adherence of Æ. coli to the 
intestinal cell. These are reviewed by Ofek & Beachey (58). 

The other bacterial enteropathogen for which intestinal binding data are 
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available is V. cholerae. The binding of F. cholerae to the intestine is 
calcium dependent and inhibited by. L-fucose. The available data also sug- 
gest that there may be more than one intestinal receptor for the cholera ` 
organism (95, 98). 

Thus, enteropathogenic bacteria must be zble to adhere to the intestinal 
mucosa in order to colonize and establish disease. The presence of receptors 
on the small intestinal villus cells probably determines host susceptibility 
to and the development of diarrheal disease by certain strains of Æ. coli. In 
addition, adherence not only permits colonizetion but may also facilitate the 
delivery of enterotoxin to the epithelium and may even enhance the ability 
of the organism to elaborate enterotoxin (59, 65, 84). 


MUCOSAL INVASION The ability to invade the intestinal mucosa defines 
a second major group of bacterial enteropathogens, which includes Sal- 
monellae, Shigellae, Y. enterocuitica, C. fetus, V. parahemolyticus, and 
some strains of Æ. coli. The most studied, from the point of view of patho- 
genesis, are the Salmonellae and Shigellae and this discussion deals primar- 
ily with these organisms. 

The overall pathophysiology of the invasive diarrheal disorders can be 
divided into at least six steps: (a) ingestion of the organisms, (b) coloniza- 
tion of and proliferation of the organisms within the intestine, (c) invasion 
of the intestinal mucosa, (d) intramucosal multiplication, (e) stimulation 
of intestinal secretion, and (f) dissemination from the intestine (31, 53, 
60-63). 

Some comments about the pathophysiology of the invasive bacterial 
diarrheal disorders must be made before the process of mucosal invasion 
can be considered in detail. After ingestion, the organisms colonize and 
proliferate within the intestinal lumen. Unlike the enterotoxigenic organ- 
isms discussed above, where the upper small intestine is the primary site 
colonized, invasive bacteria primarily colonize the colon. However, in sal- 
monellosis, the ileum is colonized as well; in shigellosis, the small intestine 
is transiently colonized early in the course of the disease when watery 
diarrhea rather than dysentery is the predominant intestinal manifestation 
of illness (99). The organisms then invade the intestinal mucosa, Salmonel- 
lae invade the ileal and colonic mucosa -while Shigellae invade the colonic 
mucosa. After the organisms multiply within the intestinal cells, they 
spread laterally to invade other epithelial ceils (Shigellae) or penetrate into 
the lamina propria to then disseminate from the intestine (Salmonellae and 
Y. enterocolitica). As a consequence of this invasion of the mucosa and of 
the intramucosal multiplication of the organisms, an acute inflammatory 
reaction develops and mucosal ulceration can occur. Gross ulceration of the 
colonic mucosa commonly occurs in shigellosis, which accounts for the 
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dysenteric stools. Gross ulceration, however, is much less common in either 
Salmonella or Yersinia infections. More common to the latter are micro- 
scopic and minute ulcerations involving both the ileum and colon. As a 
consequence of the invasion, fluid secretion and diarrhea occur. The mecha- 
nisms of the fluid secretion and diarrhea in the invasive disorders is uncer- 
tain but does not involve “exudation” or increased mucosal permeability 
(60, 62), explanations frequently offered. However, since Shigellae, Sal- 
monellae, and Y. enterocolitica elaborate enterotoxins, they may be respon- 
sible (31, 52, 54). Regardless of the mechanism of fluid secretion, the ability 
of these organisms to invade the intestinal mucosa is clearly an essential 
prerequisite to the establishment of disease (60, 62, 100, 101). 

Invasive bacteria must adhere to cells prior to invasion. This view is 
supported by electron microscopic studies of the invasion of intestinal and 
tissue culture cells by Salmonellae and Shigellae (60, 61, 63, 102-105) which 
demonstrate that these organisms adhere to the cell surface prior to invasion 
of the cell. The bacterial surface structures and properties required for this 
adhesion, however, are undefined. In the case of Salmonellae, the ability to 
adhere to the wall of the intestine does not appear to be related to pili, to 
bacterial cell wall lipopolysaccharide structure (LPS), or to the specific 
O-sugar repeat units of the LPS coat (102-105). Furthermore, the mere 
association or adherence of bacteria to the mucosal surface is not sufficient 
for mucosal invasion. This conclusion is based on the observations that 
many enterotoxigenic bacteria, E. coli, V. cholerae, etc, as well as various 
nonpathogenic bacteria adhere to the mucosa without invading the epi- 
thelium. 

Bacterial invasion of cells involves a series of interactions between the 
bacterium and the host cell. It requires the active participation of both the 
bacterium and the host cell, and various bacterial and host factors are 
required (106-108). A number of mophologic and biochemical studies of 
intestinal and other cells demonstrate that Salmonellae and Shigellae enter 
cells by endocytosis (61, 106-108). Several bacterial factors have been 
thought important to the ability of bacteria to invade cells, but the extensive 
literature concerning these factors is confusing and often contradictory. The 
contradictory data may be explained in part by the fact that different 
investigators have used different experimental designs involving different 
strains of bacteria and different host cells. Nevertheless, it seems highly 
likely that specific characteristics of the bacterial cell surface and particular 
metabolic activities of the invading bacteria are important to the invasion 

.of mucosal surfaces. I believe that the data can be reconciled and summa- 
rized as follows: (a) In the case of Shigella flexneri, several attributes are 
required for invasiveness, including an intact and complete LPS coat and 
specific O-sugar repeat units (62, 109), though intact LPS and appropriate 
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O-repeat units alone are not sufficient for invasion (62, 109). Viability of the 
organism and its active metabolism are also required (107). This may in- 
volve the elaboration of a factor that signals and stimulates the target cell 
to initiate the endocytotic-invasive process (68). (6) In the case of Salmonel- 
lae, neither an intact LPS coat nor specific O-sugar repeat units are required 
for invasion (102, 103). However, like Shigellae, viable and metabolically 
active organisms are required. An extracellular product elaborated by the 
Salmonellae may be involved in the invasive process, since the brush border 
degenerates prior to any contact with the Salmonella organism (61). (c) In 
both Salmonellae and Shigellae, metabolic activity of the host cell, involving 
microfilaments and glycolysis, is also required for invasion (106-108). 

Bacterial invasion of the mucosa cannot establish disease—the invading 
organisms must also multiply intracellularly. Strains of Sh. flexneri that can 
invade but cannot multiply do not cause disease when fed to the relevant 
host (62, 109). 

After invasion and multiplication, fluid secretion ensues. The mechanism 
of secretion is uncertain but probably is a multifactorial process involving 
components of the acute inflammatory reaction (31, 60, 110, 111) and 
elaboration of enterotoxins (31, 51, 52, 54, 60, 99, 101). The papers by 
Giannella et al (60, 63, 110, 111), Formal and co-workers (62, 101), Turn- 
bull 31), Keusch (112), and Peterson & Sandefur (113) consider the mecha- 
nisms of fluid secretion in detail. Detailed discussions of the clinical and 
pathophysiological features of the illnesses caused by invasive £. coli, Y. 
enterocolitica, C. fetus, and V. parahemolyticus can be found elsewhere (9, 
14, 16-18, 83, 114, 115). 


SUMMARY 


Acute bacterial diarrheal disease is a worldwide problem of enormous 
magnitude. In recent years a number of bacteria have been added to the list 
of recognized etiologic agents causing acute diarrheal disease. This was 
made possible by our increased understanding of the mechanisms by which 
such bacteria cause diarrhea and by the development of methods to detect 
these bacterial enteropathogens. We are naw able to define an etiologic’ 
agent in 50-80% of cases of acute diarrhea, depending on the particular 
population. The bacterial agents recently incriminated as important causes 
of diarrhea include Æ. coli, Y. enterocolitica, B. cereus, C. fetus, V. 
parahemolyticus, and many other coliform organisms. 

Establishment of an enteric infection depends upon a complex interplay 
between host defense mechanisms and bacterial virulence factors adapted 
to overcome these defenses. Bacterial entercpathogens cause diarrhea pri- 
marily by elaborating enterotoxins (which also requires the organisms to 
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adhere to the surface of the intestinal cell) and by invading the intestinal 
mucosa. 

The number of known bacterial enterotoxins has rapidly increased. En- 
terotoxins cause intestinal secretion and diarrhea by stimulating the adenyl 
cyclase system or the guanyl cyclase system and by other mechanisms yet 
to be defined. The ability of enterotoxigenic bacteria to adhere to the intes- 
tine involves a specific binding interaction between bacterial structures 
called pili or fimbriae and specific receptors on the surface of intestinal cells. 
Both bacterial pili and the intestinal receptors are under genetic control. 

A variety of other bacteria, Salmonellae, Shigellae, Y. enterocolitica etc, 
must invade the mucosa to cause diarrheal disease. The ability to invade is 
essential to the pathogenesis of disease and requires particular surface char- 
acteristics of the bacterium as well as the active participation of both the 
bacterium and the host cell. The bacteria probably elaborate substances that 
signal the host cell to initiate the invasive process, i.e. endocytosis. The 
mechanism by which invasive bacteria evoke intestinal secretion is uncer- 
tain but is probably a multifactorial process involving products elaborated 
by the mucosal acute inflammatory reaction and enterotoxins elaborated by 
the bacteria. 
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Introduction 


In healthy vertebrates the ionic composition of the extracellular fluid (ECF) 
remains within a closely regulated range of “normal” values. In response 
to changes in electrolyte or fluid intake, or in response to perturbations in 
homeostasis due to environmental factors, the kidney reabsorbs or excretes 
sodium, potassium, other ions, and water; in this way it maintains physi- 
ologic ionic concentrations in the ECF compartment and the total ECF 
volume. Vasopressin, the hormone that regulates water excretion, increases 
the water permeability of the luminal membrane of the renal collecting 
tubule (1); it is released from the pituitary in response to increased ECF 
osmolatity (2). Adenosine 3',5'-monophosphate (cyclic AMP) and theo- 
phylline can mimic the effects of vasopressin on the water permeability of 
the isolated toad- urinary bladder (3). This suggests that vasopressin in- 
creases the water permeability of the epithelial- cell by activating adenylate 
cyclase and increasing the cellular content of cy¢lic AMP. Handler et al (4) 
confirmed that both vasopressin and theophylline increase the concentra- 
tion of cyclic AMP in the epithelial cells of the toad urinary bladder, and 
thus provided critical evidence substantiating the hypothesis that vasopres- 
sin’s action is mediated by the “second messenger,” cyclic AMP (1, 5, 6). 

In 1965, Orloff et al (7) reported that prostaglandin (PG) E; inhibited the 
water permeability response of the toad urinary bladder to vasopressin and 
theophylline but had no effect on the response to cyclic AMP itself. Because 
the water-permeability response to vasopressin and theophylline is depen- 
dent upon adenylate cyclase activity but the response to cyclic AMP is 
independent of this enzyme, it was concluded that PGE, inhibits both basal 
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and vasopressin-stimulated adenylate cyclase activity. Further studies 
showed that PGE, also inhibited vasopressin- and theophylline-stimulated 
water permeability (8) and vasopressin-stimulated cyclic AMP accumula- 
tion in the epithelial cells of the isolated toad urinary bladder (9, 10). Based 
upon these observations and similar studies on the isolated rabbit cortical 
collecting tubule, Grantham & Orloff (11) suggested that endogenous pros- 
taglandins might modulate the water-permeability response to vasopressin 
in vivo. The finding that the inhibition of endogenous prostaglandin synthe- 
sis increases the water flow response to vasopressin in vitro (12, 13) sup- 
ported this suggestion. 


Vasopressin-Stimulated Prostaglandin Biosynthesis 


Although the biochemical pathways leading to the synthesis of prostaglan- 
dins E, and F,,, thromboxane A), prostacyclin, and leukotrienes have been 
well described (14), little is known about the mechanisms controlling the 
cellular regulation of prostaglandin biosynthesis. Within the kidney a mini- 
mum of five cell types (the endothelium of the arterial and venous vascula- 
ture, the mesangial cells of the glomerulus, the epithelial cells of Bowman’s 
capsule, the renomedullary interstitial cells, and the epithelial cells of the 
collecting duct) can synthesize prostaglandins (15). Studies of prostaglandin 
biosynthesis by the intact kidney in vitro or in vivo or by renal slices in vitro 
have not ascertained the direct stimuli that increase prostaglandin biosyn- 
thesis. With the isolation of renomedullary interstitial cells in tissue culture 
(16), a model system for the study of cellular prostaglandin biosynthesis 
became available. 

Renomedullary interstitial cells exist in high density within the inner 
medulla and papilla of the mammalian kidney (16, 17) and are known to 
contain large quantities of arachidonic acid, the biosynthetic precursor of 
PGE, (18). When isolated in tissue culture these cells synthesize and release 
large quantities of PGE, (16, 19). This synthesis is increased by the polypep- 
tide hormones arginine vasopressin, bradykinin, and angiotensin II, and by 
hyperosmolality or removal of potassium from the incubation medium. 
Adrenal steroid hormones and nonsteroidal anti-inflammatory drugs inhibit 
PGE, synthesis by these cells (19) (Figure 1). Polypeptide hormone- 
stimulated PGE, synthesis depends on the activation of a hormone-sensitive 
phospholipase that catalyzes the release of arachidonic acid from the cellu- 
lar arachidonic acid storage pool. Potassium, hyperosmolality, and adrenal 
steroid hormones affect arachidonic acid release and PGE, synthesis by an 
unknown mechanism. Whereas the effects of potassium, hyperosmolality, 
and adrenal steroid hormones on PGE, synthesis are unaltered by cyclohex- 
imide, protein synthesis inhibitors decrease peptide hormone-stimulated 
PGE, synthesis. These cellular responses suggest that peptide hormones 
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Figure 1, The regulation of PGE, biosynthesis by rabbit renomedilláry interstitial cells in 
tissue culture (see text). (Reprinted from Ref. 22 with the permission of the publisher.) 


interact with a cellular receptor and increase protein synthesis and phos- 
pholipase activity. On the other hand, the effects of potassium and hyperos- 
molality are probably due to changes in the membrane properties of the 
cells, which alter the rate of release of arachidonic acid from membrane 
phospholipids (19-23). The pattern of effects of vasopressin on cellular 
phospholipase activity, arachidonic acid release, and PGE, synthesis is 
shown in Table 1. The selective effects of mepacrine (a phospholipase 
inhibitor), naproxen (a cyclooxygenase inhibitor), and cycloheximide (a 
protein synthesis inhibitor) on cellular PGE, synthesis, also shown in Table 
1, confirm the pathways diagrammed i in Figure 1. 

The finding that vasopressin stimulates PGE, synthesis by renomedullary 
interstitial cells in tissue culture, suggested that it might also stimulate 
PGE, synthesis by other cell types, including perhaps the renal collecting 
tubule. Using the isolated toad urinary bladder in vitro, Zusman et al (24) 
investigated the possibility that vasopressin stimulates PGE, synthesis: by 
_ water-permeable membranes and that the PGE, synthesized modulates 
vasopressin-stimulated water permeability. They found that although 
vasopressin, theophylline, and cyclic AMP each stimulated water flow, only 
vasopressin stimulated PGE, synthesis. Furthermore, inhibition of 
vasopressin-stimulated PGE, synthesis by mepacrine increased vasopres- 
sin-stimulated water flow. The addition of exogenous arachidonic acid to 
the incubation medium greatly increased PGE, synthesis and inhibited 
vasopressin-stimulated water flow. Exogenous PGE, also inhibited 
vasopressin- as well as theophylline-stimulated water. flow but had no effect 
on cyclic AMP-stimulated water flow. Studies in which the bladders were 
incubated with radiolabeled arachidonic acid confirmed that vasopressin 
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Table 1 The effects of vasopressin and protein synthesis inhibition, phospholipase inhibi- 
tion or prostaglandin synthesis inhibition on prostaglandin fa synthesis by rabbit reno- 
medullary interstitial cells in tissue culture? 


Radiolabeled materials 
Prostaglandin E, Phospholipase activity released Coma oles/ 
` synthesis (femtomoles ug protein/hr) 
Experimental (picomoles PGE,/ arachidonic acid Arachidonic 
conditions ug protein/hr) released/ug protein/hr) acid PGE, 
Basal 1.1 +0.3 ; 355 +25 52+6 8.4 + 0.4 
Arginine vasopressin 
(0.5 uM) 4.0 + 0.5* 1,028 + 76* 725 + 32* 117 + 12* 
+ cycloheximide 
(35 uM) 1.8 + 0.2*+ 584 + £0*+ 357 + 228+ 57 + 7*+ 
+ mepacrine 
(100 uM) 2.1 + 0.3*+ 512 + 24*+ 322 + 46*+ S1 + 8*t 
+ naproxen z 
(100 uM) 0.1 + 0.05** 1,096 + 112* 749 + 41* 0.8 + 0.2*+ 


4Rabbit renomedullary interstitial cells were incubated for one hour in Kreb’s bicarbonate buffer 
(pH 8.1, potassium concentratior. = 3 mEq/1, osmolality=300 mOsm/1). PGE, synthesis was measured 
by radiommunoassay (19); phospholipase activity was measured as the rate of release of arachidonic 
acid from a radiolabeled arachidonic acid containing phospholipid substrate (21); and arachidonic acid 
and PGE, release were measured by thin-layer chromatog-aphic analysis of the incubation medium 
from cells incubated with radiolabeled arachidonic acid (20). The cells were preincubated with cyclo- 
heximide (protein synthesis inhibition), mepacrine (phospholipase inhibition) or naproxen (prosta- 
glandin synthesis inhibition) for a minimum of two hours prior to incubation with arginine vasopressin. 
Each value represents the mean + standard error of the mean. N=12. An asterisk (*) indicates statistical 
significance (P<0.01) compared co basal values; a superscript + indicates statistical significance (P<0.01) 
compared to incubation with vasopressin alone. 


stimulated PGE, synthesis by increasing the rate of release of arachidonic 
acid from the cellular storage pool, presumably via activation of a cellular 
phospholipase (24). 

In view of the ability of PGE, to inhibit vasopressin- and theophylline- 
stimulated water flow, and the effects of prostaglandin E, synthesis inhibi- 
tors (Figure 2), phospholipase inhibitors, or arachidonic acid on 
vasopressin-, theophylline- and cyclic AMP-stimulated water flow, the 
pathway described in Figure 3 was proposed. This schematic representation 
describes a counter-regulatory:system in whizh vasopressin not only stimu- . 
lates‘ adenylate cyclase activity and cyclic AMP accumulation, thereby 
resulting in increased water permeability, bat also stimulates arachidonic 
acid release and PGE, synthesis, which result in decreased adenylate cy- 

clase activity and an inhibition of vasopress-n-stimulated water. flow. This. 
model conforms to the experimentally derived relationships between 
vasopressin, theophylline, cyclic AMP, PGE), and prostaglandin synthesis 
inhibition. It describes a system in which any action that increases PGE, 
synthesis inhibits vasopressin- and theophylline-stimulated water flow but 
has no effect on cyclic AMP-stimulated water flow. Prostaglandin synthesis 
inhibition however, increases vasopressin- and theophylline-stimulated wa- 
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Figure 2 The effects of PGE, and prostaglandin synthesis inhibition on vasopressin-, 
theophylline-, and cyclic AMP-stimulated water flow. The pattern of responses to exogen- 
ous PGE, or to the inhibition of prostaglandin synthesis is consistent with the inhibition by 
endogenous PGE, of basal and vasopressin-stimulated adenylate cyclase activity. 


ter flow but has no effect on cyclic AMP-stimulated water flow. This model 
predicts that both vasopressin-stimulated and basal adenylate cyclase activ- 
ity are inhibited by PGE, in these tissues. The inhibition of vasopressin- 
stimulated adenylate cyclase activity by PGE, has been demonstrated in 
renal homogenates from the hamster (25), rat (26), and rabbit (27), but it 
is difficult to demonstrate inhibition of basal adenylate cyclase activity by 
PGE,. Recent work demonstrating that arachidonic acid itself and the 
endoperoxide PGH; inhibit basal renomedullary adenylate cyclase activity 
might explain in part the results of previous studies (28). 

The strongest evidence for the importance of PGE, as a regulator of renal 
water reabsorption in vivo comes from studies that measured vasopressin- 
stimulated urinary PGE, excretion, and from studies on the effects of 
prostaglandin synthesis inhibition on vasopressin-stimulated changes in 
urinary osmolality and urine volume. The increase in urinary osmolality in 
response to vasopressin is enhanced by prostaglandin synthesis inhibition 
in rats (29, 30), dogs (31, 32), and humans (30, 33), and this enhanced 
reabsorption of water is associated with an increased accumulation of cyclic 
AMP within the renal medulla after prostaglandin synthesis inhibition (29). 
Additional evidence for the stimulation of renal prostaglandin biosynthesis 
by vasopressin has been obtained in rats (34, 35) and rabbits (36). In 
addition, the urinary excretion of PGE, in the vasopressin-deficient Brat- 
tleboro rat is markedly decreased compared with normal rats, but vaso- 
pressin or its analogue 1-desamino-8-D-arginine vasopressin (dD-AVP) 
markedly stimulated urinary PGE, excretion (37, 38). Moreover, prosta- 
glandin synthesis inhibition enhances dD-AVP or vasopressin-stimulated 
water reabsorption in the rat; these data confirm the importance of vasopres- 
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Figure 3 The role of prostaglandin E; in the regulation of vasopressin-stimulated water flow 
(see text). Agents such as mepacrine (a phospholipase inhibitor), the nonsteroidal anti-inflam- 
matory agents (cyclo-oxygenase inhibitors), adrenal steroid hormones, or chlorpropamide 
decrease PGE, synthesis and increase vasopressin-stimulated water flow. Aldosterone also 
enhances vasopressin-stimulated water flow because of its inhibitory effect on cyclic nucleotide 
phosphodiesterase. 


sin-stimulated prostaglandin biosynthesis in modulating vasopressin- 
stimulated adenylate cyclase activation, cyclic AMP accumulation, and 
water-permeability response (39). 
_ Recent studies show that vasopressin, but not dD-AVP,’ stimulates 
PGE, synthesis by rat renomedullary interstitial cells in tissue culture (40).: 
Yet dD-AVP as well as vasopressin stimulatzs renal PGE, excretion in the 
rat in vivo (37-39). These data imply that the increase in urinary PGE, 
excretion in response to vasopressin or GD-AVP is due to increased 
PGE, synthesis not by the renomedullary cells but rather by the vasopres- 
sin-sensitive collecting tubule. These data also suggest that PGE, plays an 
important role in modulating the response of the collecting tubule to 
vasopressin. , 
Vasopressin also stimulates thromboxane A, synthesis as well as PGE, 
- synthesis by the toad urinary bladder in vitro (41-43). Furthermore, the 
inhibition of thromboxane synthesis inhibits vasopressin-stimulated water 
flow. These observations, as well as the findings that thromboxane ana- 
Jogues directly stimulate osmotic water flow, suggest that thromboxane 
A, potentiates the effects of vasopressin on water permeability, whereas 
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PGE, inhibits these effects. Nonetheless, cyclooxygenase inhibitors such as 
ibuprofen, indomethacin, meclofenamate, and naproxen potentiate both in 
vitro and in vivo vasopressin-stimulated water permeability. The overall 
inhibitory effects of PGE, thus predominate over the stimulatory or synerg- 
istic effects of thromboxane A; with respect to vasopressin’s effect on water- 
permeable membranes. Whether vasopressin stimulates thromboxane A, 
synthesis by the kidney in vivo is not known; therefore the significance of 
thromboxane A, as an in vivo modulator of renal water reabsorption is 
unknown. 

Although prostaglandins of the E series inhibit vasopressin-stimulated 
water permeability, infusions of PGE, have a paradoxical antidiuretic effect 
in the dog (44). This diuresis exists independently of the inhibitory effect 
of PGE, on vasopressin-stimulated adenylate cyclase activity and results 
from the direct stimulation of vasopressin release from the pituitary by PGE 
(44-46). As in the dog, intravenous infusions of PGE, (at doses having no 
hemodynamic effects) reduce urine volume and increase urine osmolality in 
humans (R. M. Zusman, unpublished observations). This antidiuresis is 
presumably due to the direct stimulation of vasopressin release from the 
neurohypophysis by PGE, 


Modulation of Renal Water Reabsorption in Vivo 


The stimulation by vasopressin of adenylate cyclase activity and the simul- 
taneous stimulation of the synthesis of an inhibitor of adenylate cyclase 
activity may appear paradoxical. But PGE, can be viewed as a regulator 
of hormone action that is itself subject to regulation by endogenous hor- 
mones and/or exogenous agents. For example, it is apparently through an 
effect on PGE, synthesis that chlorpropamide (and the other sulfonylureas) 
enhances the renal sensitivity to vasopressin. 

Chlorpropamide is widely used to treat pituitary diabetes insipidus be- 
cause it decreases urine volume (47-49). Chlorpropamide promotes the 
release of vasopressin from the pituitary (50) and increases the effect of 
vasopressin on the collecting tubule (49, 51-54). The ability of chlorpropa- 
mide to increase vasopressin- and theophylline-stimulated water flow sug- 
gested that a decrease in PGE, synthesis was responsible for the increase 
in water flow. Using the model of the toad urinary bladder, Zusman et al 
(55) demonstrated that chlorpropamide as well as other sulfonylureas inhib- 
ited both basal and vasopressin-stimulated PGE, synthesis, and that they 
increased theophylline- and vasopressin-stimulated water flow. Chlorpropa- 
mide inhibits the conversion of arachidonic acid to PGE,; thus its mecha- 
nism of action resembles that of the nonsteroidal anti-inflammatory agents. 
The inhibition of PGE, synthesis by chlorpropamide accounts for the aug- 
mentation of the renal response to vasopressin (Figure 3). In view of the 
chemical similarities of indomethacin and chlorpropamide (Figure 4), it is 
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Figure 4 Chemical structures of indomethacin and chlorpropamide. Both indomethacin and 
chlorpropamide contain para-chloro-phenyl substituents and amido linkages, and both drugs 
are cyclooxygenase inhibitors. 


not surprising that chlorpropamide and the nonsteroidal anti-inflammatory 
agents inhibit the conversion of arachidonic acid to PGE, by the same 
mechanism. Hence we can postulate that the ability of chlorpropamide to 
enhance glucose-stimulated insulin release in patients with diabetes mellitus 
is due to the inhibition of pancreatic prostaglandin synthesis (56), just as 
the ability of aspirin to increase insulin release is secondary to the inhibition 
of prostaglandin synthesis (57). Hyponatremia develops in patients taking 
sulfonylureas for the treatment of diabetes mellitus because of the direct 
stimulation of vasopressin release from the pituitary and the enhanced effect 
of vasopressin on the kidney (58). 

Adrenally insufficient humans and animels are unable to excrete water 
loads normally. This results in reabsorption of inappropriate amounts of 
fluid and, as a result, hyponatremia. This chain of events is due to an 
inappropriately high level of circulating vasopressin (59, 60) and a fall in 
cardiac output that results in decreased renal blood flow (60). Although the 
administration of adrenal steroid hormones corrects the abnormally in- 
creased renal water reabsorption in adrenally insufficient subjects (59, 61), 
adrenal steroid hormones increase, rather than inhibit, vasopressin- 
stimulated water flow in vasopressin-sensitive epithelial membranes (62). 
Because adrenal steroid hormones enhance vasopressin-, theophylline-, and 
cyclic AMP-stimulated water flow as well as vasopressin- and theophylline- 
stimulated cyclic AMP accumulation in isolated epithelial cells, it was 
suggested that adrenal steroid hormones inhibited the activity of cyclic 
AMP phosphodiesterase (63). Indeed, the activity of cyclic AMP phos- 
’ phodiesterase in homogenates of epithelial cells from toad urinary bladders 
was lower in steroid-treated tissue than in the epithelial cells of steroid- 
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depleted tissue (64). Since the effect of steroid hormones on the phos- 
phodiesterase was relatively small as compared with the marked 
enhancement of water permeability, the possibility of additional action(s) 
of steroid hormones was considered. Adrenal steroid hormones, which 
inhibit prostaglandin synthesis in vitro (19, 22), inhibit basal and vasopres- 
sin-stimulated prostaglandin biosynthesis and, therefore, increase theophyI- 
line- and vasopressin-stimulated water flow, respectively (65). Adrenal 
steroid hormones inhibit PGE, synthesis by inhibiting vasopressin- 
stimulated arachidonic acid release; thus, they apparently inhibit the phos- 
pholipase-mediated release of arachidonic acid. The ability of adrenal 
steroid hormones to enhance vasopressin-stimulated water flow even under 
conditions of total inhibition of prostaglandin synthesis with a nonsteroidal 
anti-inflammatory agent such as naproxen is due to the inhibition of phos- 
phodiesterase by the steroid (Figure 3). The overall resistance of the adrenal 
steroid-deficient toad urinary bladder to the action of vasopressin results 
from the extraordinarily high basal and vasopressin-stimulated synthesis of 
PGE, by steroid-depleted tissue as compared to steroid-treated tissue (65) 
(Figure 5). Schwartz & Kokko (66) demonstrated that the cortical collect- 
ing tubule of adrenalectomized rabbits is relatively vasopressin resistant but 
that a response to vasopressin can be restored by aldosterone. This suggests 
that adrenal steroid hormones facilitate vasopressin-stimulated water 
permeability in vitro and in vivo via inhibition of vasopressin-stimulated 
arachidonic acid release and PGE, synthesis. 

Since adrenal steroid hormones increase vasopressin-stimulated water 
reabsorption, one might expect that disease states in which adrenal steroid 
secretion is excessive would be characterized by hyponatremia. This has not 
been reported in the medical literature; however, the simultaneous inhibi- 
tion of prostaglandin synthesis, and stimulation of adrenal steroid hormone 
production in sodium-depleted normal humans (67) results in a syndrome 
similar to the “syndrome of inappropriate antidiuretic hormone secretion” 
(68). Adrenocorticotrophic hormone (ACTH) and indomethacin were si- 
multaneously administered to normal volunteers on a diet containing 2500 
mi fluid, 9 meq sodium, and 100 meq potassium. The adrenal steroid 
hormone production increased dramatically and the subjects’ urine osmo- 
lality increased markedly. Further, the subjects retained water, gained 
weight, and had lower plasma osmolality and sodium concentrations. Upon 
discontinuation of the ACTH, the steroid hormone production fell, the 
subjects promptly underwent a diuresis and lost weight, and their plasma 
osmolality and sodium concentrations were restored to normal despite 
continuing indomethacin administration (Figure 6). These phenomena do 
not occur if ACTH alone is administered to sodium-depleted normal volun- 
teers. Although prostaglandin synthesis inhibition results in a fall in 24- 
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Figure 5 Effects of aldosterone basal and vasopressin (0.8 mU/ml)-stimulated PGE, synthe- 
sis and water flow. Isolated toad urinary bladders were incubated overnight as previously 
described (65); the water-permeability response and increase in PGE, synthesis were deter- 
mined after incubation with arginine vasopressin (0.8 mU/ml). 


hour urinary vasopressin excretion (R. M. Zusman and G. Robertson, 
unpublished observations), the administration of ACTH to. sodium-de- 
pleted normal rats, but not to vasopressin-deficient Brattleboro strain rats, 
increases urinary osmolality (69). Thus, the increase in urinary osmolality 
evoked by ACTH and presumably mediated by an increase in plasma 
adrenal steroid hormone levels is probably dependent on vasopressin. 
Although hypokalemia is associated with an increase in renal PGE, - 
synthesis, the defect ‘in urinary concentrating ability occurring in hypoka- 
lemic nephropathy does not result from the inhibitory effect of PGE, on 
vasopressin-stimulated water permeability (65, 70, 71). Similarly, although 
lithium, catecholamines, probenecid, demeclocycline, and cholera toxin 
alter vasopressin-stimulated water permeability, they have no effect on 
vasopressin-stimulated PGE, synthesis (65). Finally, although calcium in- 
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Figure6 The effects of adrenocorticotrophic hormone and prostaglandin synthesis inhibition 
with indomethacin on water reabsorption in sodium-depleted normal human volunteers. The 
simultaneous administration of indomethacin and ACTH resulted in a statistically significant 
(* = P<0.005) fall in urine volume (V) and free water clearance (CH,O) and a rise in urinary 
osmolality (Uosm) and body weight in comparison to the effects of ACTH alone. (Reprinted 
from Ref. 67 with permission of the publisher.) 
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hibits vasopressin-stimulated water flow in vitro, and hypercalcemic ne- 
phropathy in vivo is associated with vasopressin resistance, calcium does 
not affect vasopressin-stimulated water flow by altering the relationship 
between vasopressin and PGE, (65, 72). In contrast, the increased vasopres- 
sin-stimulated water-permeability response of isolated toad urinary blad- 
ders incubated in buffer solutions at pH 8.4, in contrast to pH 7.4, is due 
to the decreased PGE, synthesis at the higher pH (73) 

Some syndromes of hereditary or acquired nephrogenic diabetes in- 
sipidus might be secondary to increased renal synthesis and the antagonism 
of vasopressin activity by PGE,. Fichman et al (74) and Blachar et al (75) 
reported increased urinary PGE, excretion in patients who had hereditary 
nephrogenic diabetes insipidus and found a decrease in urine volume in 
these patients after treatment with prostaglandin synthesis inhibitors. 
Whether the increase in urinary PGE, excretion in these patients was due 
to a dissociation between the ability of vasopressin to stimulate adenylate 
cyclase activity and its ability to stimulate PGE, synthesis, or whether the 
rise was simply due to the effects of a high urinary flow rate (76, 77), is not 
known. 


Conclusions 


Prostaglandin E, antagonizes vasopressin-stimulated adenylate cyclase ac- 
tivity and water flow in isolated epithelial membranes in vitro and in the 
intact kidney in vivo. Paradoxically, vasopressin stimulates PGE, synthesis 
by these same tissues, thus simultaneously stimulating adenylate cyclase 
and the synthesis of an inhibitor of vasopressin-stimulated adenylate cyclase 
activity. The apparent significance of this relationship is that PGE, serves 
as a modulating hormone in vivo for the vasopressin-mediated increase in 
renal collecting tubule water permeability and water reabsorption. The 
significance of the interaction between these two substances in vivo is evi- 
dent by virtue of the changes in water permeability and reabsorption after 
prostaglandin synthesis inhibition with nonsteroidal anti-inflammatory 
agents or with sulfonylurea compounds, such as chlorpropamide. Of partic- 
ular note is the fact that the administration of ACTH to sodium-depleted 
normal subjects who had previously received indomethacin evokes an ex- 
perimental model of the syndrome of inappropriate antidiuretic hormone 
secretion; under these conditions prostaglandins clearly contribute to the 
prevention of the inappropriate reabsorption of water by the kidney. On the 
other hand, excessive renal production of PGE, might account for the 
resistance to vasopressin exhibited by patients with acquired or hereditary 
nephrogenic diabetes insipidus. Although PGE, currently is thought to be 
only a minor factor in the regulation of pituitary vasopressin-release, abnor- 
malities of vasopressin release might be secondary to changes in PGE, 
synthesis by the brain. 
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INTRODUCTION 


In early embryonic life six pairs of aortic arches develop sequentially and 
are then modified to form the major thoracic arteries of the fetus. The distal 
segment of the left sixth arch persists to form the ductus arteriosus, one of 
the largest of fetal vessels. Widely patent until birth, the ductus then con- 
stricts so powerfully that its lumen is completely obliterated within the first 
24 hours; thereafter the vessel undergoes fibrosis and in later life is repre- 
sented by the ligamentum arteriosus. The behavior of the ductus in the 
perinatal period iş of profound importance to the pathophysiology of respir- 
atory and cardiac diseases of the newborn. 

Long regarded as a passive process, fetal patency of the ductus has 
recently been shown to be actively maintained by prostaglandins. This 
discovery underlies the clinical use of prostaglandin (PG) E,, or its structur- 
ally related PGE), in the newborn to preserve ductus patency, and in the 
use of the PG synthesis inhibitor indomethacin to induce its closure. 


THE DUCTUS ARTERIOSUS IN THE FETUS 


During fetal life 90% of right ventricular output passes through the ductus 
arteriosus to the descending aorta; the amount and direction of ductal flow 
is determined by the large size of the vessel, the high resistance of the fetal 
pulmonary circulation, and the relatively low systemic vascular resistance. 
The ductus is normally fully dilated in the fetus (1). Largely uninvestigated 
is the concept that changes in ductal tone could adjust fetal pulmonary 
blood flow. By shunting more than half the combined ventricular output 
away from the lungs the ductus reduces the total workload on the heart by 
a similar amount. This is probably its most important function (2). 
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The structure of the ductus arteriosus contrasts markedly with that of the 
adjacent aorta and pulmonary artery. The wall of the ductus is typified by 
the presence of abundant smooth muscle whose arrangement has been the 
subject of numerous studies (3, 4). Von Hayek (4) described a spiral ar- 
rangement while others described an inner circular layer and an outer, 
thinner, longitudinal layer. Our own studies suggest the most likely arrange- 
ment to be groups of spiral muscle of variable pitch anchored at the aortic 
and pulmonary ends of the vessel (5). The ductus has a well-developed 
internal elastic lamina, a single layer of endothelial cells, and adrenergic 
nerve endings in the outer layers of its wall (6, 7). 


CLOSURE OF THE DUCTUS ARTERIOSUS 


Functional closure of the ductus arteriosus is achieved by contraction of its 
smooth muscle, which both narrows and shortens the vessel. 
This contraction is triggered by the rise :n arterial oxygen tension that 
‘occurs with the first breath, an effect independent of the nervous system 
(8-10). However, a wide variety of stimuli, including mechanical and elec- 
trical stimulation, epinephrine, norepinephrine, and hemorrhage, can also 
induce ductus contraction (10). Kovalcik (11) studied the responsiveness of 
the isolated ductus arteriosus to oxygen and vasoactive agents under various 
conditions using isolated strips of lamb ductus or rings of guinea pig ductus. 
He concluded that oxygen acts directly on the ductus, possibly by releasing 
an intramural vasoactive agent or by stimulating a limiting enzyme reaction 
in the muscle cells. Both acetylcholine and norepinephrine seemed improba- 
ble candidates for this mediator role because the oxygen action was un- 
affected by atropine, hexamethonium, or dibenamine. The oxygen action 
was further studied by Fay, who found a threshold for the oxygen effect of 
35 torr in tissues from mature animals and produced evidence arguing 
against the presence of specialized oxygen sensitive cells in either intima or 
adventitia (12). Oxygen responsiveness of the ductus is age dependent: it 
reaches a maximum at birth and declines over the next 24 hours (13). 


EXPERIMENTAL DATA 


The prostaglandins are oxygenated vasoactive derivatives of polyunsatu- 
rated fatty acids. In mammalian tissues, arachidonic acid is the most abun- 
dant precursor and is esterified to phospholipids in the plasma membrane 
and other structural components of the cell (14). A phospholipase, activated 
by changes in the cell environment, releases arachidonic acid, which is then 
metabolized by either lipoxygenase enzymes or by a cyclo-oxygenase. This 
latter enzyme catalyzes the formation of a PG endoperoxide, PGG, which 


PROSTAGLANDINS AND THE DUCTUS 377 


is in turn converted to another endoperoxide, PGH). Both endoperoxides 
can be transformed either enzymatically or nonenzymatically to the stable 
PG’s, PGE,, PGF,,, and PGD.. Alternatively, the PG endoperoxides may 
be converted enzymatically to either thromboxane A, or to prostacyclin 
(PGL). Both these products are unstable. Vascular endothelial cells are the 
prime source of PGL, while muscle cells have a greater capacity than 
endothelial cells to synthesize PGE. 

Studies of the potential role of arachidonic acid metabolites in the control 
of ductus muscular tone led to the now generally accepted concept that fetal 
patency of the ductus arteriosus is actively maintained by intramural PG. 
This intramural mechanism may be reinforced by PG’s in the fetal circula- 
tion. Several lines of evidence support this concept (15). 

The ductus arteriosus contains a cyclo-oxygenase and, possibly, lipox- 
ygenase(s) as well. In vitro experiments with isolated preparations and 
tissue homogenates indicate that PGI, is the major product of arachidonic 
acid metabolism, although PGE, and PGF,, are also formed. Several ques- 
tions remain, including (a) the localization of PG-synthesizing enzymes 
within the ductus, (b) the-influence of neural, hormonal, and other factors 
including oxygen on the direction and magnitude of arachidonic acid me- 
tabolism, and (c) whether or not the ductus can convert 6-keto-PGF,, the 
inactive metabolite of PGI, into 6-keto-PGE,. This latter compound is 
almost as potent as PGE, in relaxing ductus smooth muscle. The transfor- 
mation of 6-keto-PGF,, to 6-keto-PGE, may occur in the liver (16). 

Nonsteroidal anti-inflammatory compounds, such as indomethacin, 
which interfere with cyclo-oxygenase, prevent the formation of PG en- 
doperoxides and, therefore, that of all the endoperoxide derivatives. In- 
domethacin constricts the fetal ductus arteriosus in vitro and in vivo in both 
term and immature animals, though the effect is more marked in immature 
animals (15). This action is fully reversed by treatment with PGE, or its 
closely related PGE,. Indomethacin-induced ductus constriction is similar 
in magnitude to the normal oxygen-triggered constriction and occurs both 
in vivo and in vitro with doses of inhibitor that are below the range for most 
unspecific effects and that are also below the therapeutic range for the 
anti-inflammatory action. Other cyclo-oxygenase inhibitors such as aspirin 
and ibuprofen have been tested less extensively but also induce ductus 
constriction, their effectiveness correlating with their relative potency in 
interfering with the cyclo-oxygenase reaction. 

The actions of numerous arachidonic acid metabolites have been tested 
on isolated strips of fetal lamb ductus in our laboratory (17). PGE, is the 
most potent ductus arteriosus relaxant agent known, only PGE; being 
comparable. Its action exceeds that of PGI, by several orders of magnitude 
and occurs in both mature and immature tissues (18). The PG endoperox- 
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ides, by conversion to-PGE,, also relax the ductus, and their action is 
intermediate in potency between PGE, and PGI). Reduced glutathione, 
which catalyzes conversion of PGH, to PGE, is also a relaxant agent 
confirming the presence of a functional PGH, to PGE, isomerase in ductus 
arteriosus tissue. 

In summary an active role for prostaglandin in maintaining ductus pa- 
tency during fetal life is supported by (a) the presence of PG biosynthetic 
pathways in the ductus, (b) the constrictor effect of PG synthetase (cyclo- 
oxygenase) inhibitors, and (c) the relaxant action of PGE, and related 
agents. Present evidence favors murally produced PGE, as the prime medi- 
tor of ductus patency. This may require reevaluation in the light of further 
experimental work. 

Are the PG’s involved in ductus closure? PGF, contracts both the lamb 
and the calf ductus, but the threshold for this action is significantly greater 
than that for the relaxant action of PGE. Starling & Elliott (19) proposed 
that oxygen promoted the transformation of arachidonic acid to PGF,,, 
which then induced constriction of the ductus. Against this hypothesis is 
the constrictor action of indomethacin in a high oxygen environment, which 
if the Starling-Elliott proposal were true should either prevent contraction 
or be relaxant. i 

Thromboxane A, produced in the lungs and conveyed to target sites in 
the ductus arteriosus by the blood stream has also been suggested as the 
mediator of oxygen-induced ductus constriction (1). Thromboxane A, syn- 
thetic capacity in the lung increases during the perinatal period (20); how- 
ever, thromboxane A, a powerful constrictor of other vessels, has no action 
on the ductus in vitro (17) and is exceedingly labile in blood. An alternative 
hypothesis is that PG’s, specifically PGE, become less effective postnatally 
(21). The demonstrated decline in PG activity occurring during the last 
third of gestation (22-24) could then be regarded as a priming factor for 
postnatal closure. Concentrations of PG’s in the blood are relatively high 
in the fetus and fall rapidly after birth; thus their relaxant influence on the 
ductus is removed (25). Closure may be regarded as a withdrawal of the 
relaxant action of PG’s thus permitting oxygen to induce constriction. 


CLINICAL ‘APPLICATIONS 
Medical Closure of the Ductus 


Delayed closure of the ductus arteriosus is common in premature infants 
although its incidence varies from center to center. This delay in closure 
reflects an inadequate response of ductal smooth muscle to oxygen, coupled 
‘with maximum sensitivity to relaxant PG’s. A high blood concentration of 
circulating PG’s may be important in this situation. In the presence of an 
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open duct, left-to-right shunting develops as pulmonary vascular resistance 
falls. The increase in pulmonary blood flow reduces pulmonary compliance 
and may precipitate left heart failure with interstitial pulmonary edema, 
which further reduces lung compliance. In addition to the pulmonary 
effects the large “run off’ from the systemic circulation may seriously 
impair both coronary perfusion, which would produce myocardial is- 
chemia, and perfusion of vital abdominal organs. The open ductus therefore 
presents a major complication in the management of prematurity both with 
and without the respiratory distress syndrome. While the pulmonary com- 
plications may be alleviated by assisted ventilation and high inspiratory 
oxygen concentrations, the price of such care may be an increase in long- 
term complications such as bronchopulmonary dysplasia and retrolental 
fibroplasia. 

Typically features of left-to-right shunting through the ductus arteriosus 
appear about 4-6 days after birth, just as the infant is recovering from the 
respiratory distress syndrome. Respiratory rate again increases and the 
peripheral pulses become bounding despite tachycardia. The precordial 
pulsation becomes strikingly hyperdynamic. A systolic or continuous mur- 
mur is usually audible over the upper left chest but occasionally a large 
ductal shunt may be entirely silent. Hepatomegaly may develop but its 
absence does not exclude heart failure. The chest x ray usually shows an 
increased heart size and increased pulmonary vascularity with or without 
pulmonary edema. The diagnosis of a patent ductus arteriosus with signifi- 
cant left-to-right shunting is usually not difficult in the premature, although 
it is occasionally problematic, especially in the infant already undergoing 
assisted ventilation. Echocardiography is extremely helpful in confirming 
the diagnosis and with two-dimensional techniques the open ductus can 
sometimes be visualized. Cardiac catheterization is not normally necessary. 

Given time, the patent ductus arteriosus of the premature will usually 
close spontaneously, a fact used until recently to justify a conservative 
approach to the problem. Now the important role of the ductus in pulmo- 
nary, myocardial, and intestinal complications of the premature has been 
appreciated and a much more aggressive policy is adopted. 

Initial treatment consists of fluid restriction (generally kept to about 120 
ml/kg/day), furosemide 1-2 mg/kg once or twice per 24 hours, and con- 
trolled positive airways pressure or intermittent positive pressure ventila- 
tion. The value of digoxin is debatable because heart failure is not due to 
impaired muscle function but to the immaturity of the myocardium (26). 
Should there be no improvement within 48 hours on this regimen, closure 
of the ductus either surgically or pharmacologically is usually advisable. 

Surgical ligation of the ductus arteriosus of the premature has been the 
subject of numerous reports (27). The surgical mortality is around 2% and 
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morbidity directly attributed to the operation is uncommon. However, the 
possibility of using PG synthetase inhibition to induce closure of the ductus 
provides an attractive alternative. 

Elliott et al (28) first reported constriction of the ductus arteriosus in an 
infant given indomethacin and this was soon confirmed (29, 30). Subsequent 
__ experience, while confirming that indomethacin can induce complete and 
permanent closure of the ductus in the premature, reveals a variable success 
rate ranging from as low as 18% to as high as 88%. However, many of the 
failures did show clinical or echocardiographic evidence of transient con- 
striction of the ductus with reduced left-to-right shunting. While there are 
several potential explanations for this variable response rate, one of the most 
important factors may be the influence of gestational age on the phar- 
macokinetics of indomethacin and on the activity of the PG-relaxing mech- 
anism. Vert et al (31) while confirming our finding (32) that plasma 
indomethacin concentrations were not significantly different between re- 
sponders and nonresponders also showed that in prematures there are 
route-specific variations in the bioavailability of indomethacin that render 
them more likely to respond to intravenous rather than to oral therapy. 
Their data suggest that the most rational dose regimen is indomethacin 
0.1-0.2 mg IV every 24 hours for three doses. 

However administered, in some infants indomethacin may not achieve 
concentrations sufficient to inhibit prostaglandin synthesis in the ductus and 
other tissues. Prematures with patent ductuses have higher blood concen- 
trations of prostaglandins than normal prematures or adults. 

Postnatal factors may also influence the responsiveness to indomethacin. 
Continued exposure to normal or nearly normal oxygen tension for pro- 
longed periods prior to indomethacin administration may reduce ductal 
reactivity. Concomitant drug therapy may also be important. Furosemide, 
commonly given to these infants, inhibits PG catabolism and may promote 
PG synthesis while theophylline a central respiratory stimulant inhibits 
phosphodiesterase. Finally, indomethacin may fail to close the ductus per-. 
manently because, while preventing PGE, formation, it may simultaneously 
promote the synthesis of a ductus-dilating compound via the lipoxygenase 
pathway. Preliminary studies suggest this could be more than a theoretical 
` possibility (24). 

The effects of indomethacin are widespread. Potential complications in- 
clude renal insufficiency, bleeding diathesis, reduced formation of pulmo- 
nary surfactant, pulmonary vasoconstriction, and necrotizing enterocolitis. 
In practice, side-effects apart from transient oliguria appear to be uncom- 
mon. - 

In summary, indomethacin is a promising alternative to surgical ligation 
of the ductus arteriosus in premature infants. It is most likely to be effective 
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if given intravenously at an early postnatal age. Pharmacokinetic studies 
suggest that it need not be given more frequently than once every 24 hours. 
Ideally, dosage and duration of therapy should be matched to plasma 
prostaglandin concentrations. The use of indomethacin in these patients 
_ should still be considered to be under investigation. 


Keeping the Ductus Open 

The behavior of the ductus arteriosus is critical in the pathophysiology of 
diverse congenital heart malformations. Easiest to understand is the type 
of anomaly epitomized by pulmonary atresia in which pulmonary blood 
flow is partially or entirely dependent on patency of the ductus. Lack of 
vascular continuity between the right ventricle and the pulmonary artery 
enforces right-to-left shunting at ventricular or atrial level, and blood can 
only reach the lungs via the ductus arteriosus. Similar considerations are 
also operative in patients with tricuspid atresia, critical pulmonary stenosis, 
and in complex malformations involving severe pulmonary stenosis or pul- 
monary atresia. These malformations can be grouped together as those 
having “ductus-dependent pulmonary blood flow.” Such patients exhibit 
central cyanosis at or within a few hours of birth and thus lack the normal 
rise in arterial oxygen saturation—the major stimulus to ductus constric- 
tion. Despite this the ductus usually begins to close within 24-48 hours of 
birth, which suggests the presence of an ancillary closure mechanism. As 
closure begins, pulmonary blood flow falls and cyanosis increases. The 
resulting systemic hypoxia causes metabolic acidosis which depresses car- 
diac function and further reduces pulmonary blood flow by encouraging 
pulmonary vasoconstriction. In the absence of therapeutic intervention 
such infants usually die and, even if referred, are frequently extremely sick 
by the time they reach a specialist center. Until recently, these patients were 
managed by immediate cardiac catheterization followed by urgent surgical 
creation of some form of aortic-to-pulmonary artery shunt. Both investiga- 
tion and surgery carried a high immediate mortality. Infusion of PGE; 
(identical in potency to PGE) to reopen the ductus and increase pulmonary 
blood flow now provides a new approach to the emergency care of such 
patients (33). 

PGE, can be infused intravenously or intra-arterially. Side-effects are less 
common with the latter route while the action on the ductus appears to be 
identical. The usual starting dose is 0.05 xg/kg/min and the Pao, usually 
rises within minutes of starting treatment. The response is surprisingly 
uniform and it is usually possible to increase arterial oxygen saturation from 
50% to around 80%. Pao, usually falls within a few minutes if the infusion 
is stopped. Once a response has occurred PGE, dosage can be reduced, 
often to 0.02-0.03 yg/kg/min. The improved oxygenation provides a “‘pe- 
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riod of. grace” during which metabolic acidosis can be reversed and arrange- 
ments for surgical palliation made on a semielective basis. Generally 
PGE, therapy needs to be maintained for 24-48 hours only, but under 
special circumstances prolonged administration appears to be safe and tol- 
erance does not develop (34). More recently the use of oral PGE, to main- 
tain ductus patency over several weeks or months has been reported (35). 
While successful in raising the Pao, oral therapy carries the disadvantage 
of frequent administration (every 1-3 hours) and the potential of vascular 
damage (see below). 

Parenteral therapy is most likely to be effective in patients who have low 
initial Pao, and who are less than four days old. Failure to respond may 
be due to previous complete closure of the ductus, to congenital absence or 
intrauterine closure of the vessel, or to extreme hypoplasia of the pulmonary 
arteries, which will of themselves limit pulmonary blood flow despite ade- 
quate dilatation of the ductus arteriosus. 

Reported side-effects of PGE, include fever, bradycardia, apneic spells, 
hypotension, and cutaneous flushing. In the environment of a neonatal 
intensive care unit none of these need limit therapy and usually respond to 
a dose reduction. 

Gittenberger-De Groot et al (36) reported histological changes in the 
ductus wall following PGE, administration. This could render the vessel 
more likely to rupture or undergo aneurysmel formation, but no such event 
has yet been reported. Pulmonary arterial smooth muscle may also be 
reduced by PGE, infusion, an effect that can be associated with the forma- 
tion of localized aneurysmal dilatations (37). These histological studies 
require confirmation but for the present PGE, should only be used for as 
short a time as compatible with clinical needs. 

PGE, infusions are valuable in the emergency care of newborns with 
other congenital heart malformations. In infants with aortic arch interrup- 
tion, juxtaductal' coarctation of the aorta, or hypoplastic left heart syn- 
drome, the systemic circulation is wholly or partially ductus-dependent. 
Patients with transposed great arteries depend for survival on mixing be- 
tween the systemic and pulmonary circulations, which may occur at atrial, 
ventricular, or great artery level: While the most important step in transpo- 
sition is the creation of an adequate atrial septal defect, it is sometimes of 
benefit to preserve a patent ductus. In both these groups of patients the 
value of an infusion of PGE; has been documented. The foregoing discus- 
sion relates to the therapeutic use of PGE, infusions, but the compound can 
be of value in other situations. 


Diagnostic Value of PGE; 


Severe fixed obstruction to pulmonary blood flow is common in the neonate 
with asplenia syndrome. Occasionally this is associated with obstructed 
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total anomalous pulmonary venous return. Creation of a surgical systemic- 
to-pulmonary artery shunt in the face of such pulmonary venous obstruc- 
tion may precipitate pulmonary edema and death. Neonates in whom this 
anatomic arrangement is suspected may be “challenged” with PGE,. The 
resulting increased pulmonary blood flow precipitates pulmonary edema, 
which indicates that a surgical shunt is unlikely to benefit the patient and 
may be lethal. Accurate delineation of pulmonary arterial anatomy is crucial 
in any patient in whom early corrective surgery is contemplated. In patients 
with ductus-dependent pulmonary blood flow, angiograms taken 10-15 
minutes after a PGE, infusion is started provide enhanced visualization of 
‘the pulmonary arteries. 


Other Uses of PGE 


PGE, infusions are also being evaluated as supportive therapy following 
certain palliative surgical procedures for patients with congenital heart 
lesions in which some degree of right ventricular hypoplasia is present. 
Infants with suspected heart disease of a type usually benefited by 
PGE, may be helped by its administration before and during transfer to a 
center. 


SUMMARY 


Fetal patency of the ductus arteriosus is an active state maintained by the 
relaxant action of a prostaglandin, most probably prostaglandin E}. This 
PG mechanism is most active in the immature ductus and decreases toward 
term. The ductus closes when this prostaglandin effect is withdrawn. In- 
domethacin may induce closure of the patent ductus arteriosus of 
prematurity. It is most likely to be successful if given intravenously and 
early in postnatal life. Prostaglandin E}, to maintain patency of the ductus, 
is now established in the emergency management of several congenital heart 
defects causing problems in the newborn. 
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Introduction 

Twenty years ago the management of early carcinoma of the breast in the 
US was routine. Patients underwent radical mastectomy, and, usually, 
nothing further was done. Since then, various new concepts and approaches 
have been introduced, and there is now considerable controversy and uncer- 
tainty regarding the optimal treatment of this disease. 

Two major areas of discussion have emerged. The first concerns the 
limitations of local treatment. Even when breast cancer is apparently local- 
ized, a significant proportion of patients manifest distant metastases in the 
years following local treatment, i.e. breast cancer is a systemic disease in 
many patients and no local treatment by itself can cure it. It is now clear 
that some form of systemic therapy, such as chemotherapy or hormonal 
therapy, will be required to improve the cure rate in this disease. 

The second major area of discussion concerns the extent of local treat- 
ment required. In part, this reflects a recognition of the importance of body 
image, particularly the loss of a breast, for women in this culture. As a result 
of these cosmetic as well as functional concerns, surgeons have, for the most 
part, adopted some form of a modified radical mastectomy with preserva- 
tion of one or both pectoral muscles as the standard surgical treatment for 
early breast cancer. There is increasing evidence that primary radiation 
therapy without mastectomy is an effective alternative to mastectomy as 
local treatment. This article reviews the historical background and current 
status of primary radiation therapy as.local treatment for early carcinoma 
of the breast. 


Definition of Terms 


Staging refers to the grouping of patients by the extent of their disease. It 
is useful in determining the choice of treatment. for individual patients, 
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estimating their prognosis, and comparing the results of different treatment 
programs. Staging of breast cancer is initially based on clinical observations, 
that is, the physical examination and laboratory and radiologic evaluations. 
The most widely used clinical staging system is the one adopted by both the 
UICC (International Union Against Cancer) and the AJC (American Joint 
Commission in Cancer Staging and End-Results Reporting). It is based 
on the TNM system (T, tumor; N, nodes; M, metastases) and is given in 
Table 1. 

Relapse (or recurrence) refers to the reapp2arance of disease subsequent 
to definitive primary management. Relapse following surgery is subdivided 
into (a) local-regional, that is, on the chest wall (local) or in draining lymph 
node areas (regional), and (4) distant, for example in bone, liver, or lung. 


Surgical Treatment 

In assessing the value of primary radiation therapy, it is useful first to 
indicate the results achieved by surgery. Table 2 shows the likelihood and ` 
site of initial relapse following radical mastectomy reported in two separate 
series (1, 2). The results are analyzed separately for patients with histologi- 
cal evidence of spread to axillary nodes, and for those without spread. When 
nodes are not involved, local-regional relapse is uncommon (4-8%) and 
distant relapse is more frequent (20-22%). When nodes are involved, local- 
regional relapse occurs in 25-27% of patients, and distant relapse occurs 
in 43-58% of patients. These data emphasize three points: 


Table 1 UICC-AIC staging for carcinoma cf the breast? 


Stage Tumor Nodes Metastases 


I T1 NO or Nla MO 
II T1 N1b MO 

T2: NO or Ni MO 
iil Tl or T2 N2 MO 
i T3 NO, N1, or N2 MO 
IV any T4, N3, | or M1 


4T1 — tumor 2 cm or less in its greatest dimension 

T2 — tumor more than 2 cm, but not more than 5 cm 

T3 — tumor more than 5 cm 

T4 ~ tumor of any size with direct extension to chest wall or skin 

NO — no palpable homolateral axillary nodes 

N1 ~ movable homolateral axillary nodes 
a. nodes not considered to contain growth 
b. nodes considered to contain growth 

N2 — fixed homolateral axillary nodes 

N3 - homolateral supraclavicular or infraclavicular nodes, or ede- 
ma of the arm 

MO ~ no evidence of distant metastases 

Mi ~ distant metastases present. 
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Table 2 Likelihood and site of first relapse following radical mastectomy 


Axillary nodes Axillary nodes 
Site of relapse Involved? Not involved? Involved® Not involved? 
Local-regional only 18% 6% 25% 4% 
Distant only 49% 20% 43% 20% 
Local-regional and distant 9% 2% _— — 


a From Reference 2. 
bFrom Reference 1. 


1. The prognosis following surgery is highly dependent on the presence or 
absence of spread to axillary lymph nodes. 

2. The predominant site of relapse following radical mastectomy is distant, 
indicating the systemic nature of the disease and the importance of 
developing effective systemic therapy. 

3. Initial local-regional relapse following radical mastectomy is not uncom- 
mon, with an overall rate for all patients of 10-15%. 


As noted above, there has been a shift in this country to the use of a 
modified radical mastectomy instead of the classic Halsted radical mastec- 
tomy. The long-term results achieved by the modified radical mastectomy 
are less well documented than those achieved by radical mastectomy. In a 
recent report from Johns Hopkins University, Baker et al (3) presented a 
retrospective comparison of the results of radical mastectomy to those of 
the modified radical mastectomy. For patients with early breast cancer, the 
local-regional relapse rate and survival at 5 years were similar for the two 
operations. This agrees with results obtained at other institutions, and 
provides the rationale for the shift toward the more conservative procedure. 


Postoperative Radiation 
One of the first major uses of radiation therapy for breast cancer was as an 
ancillary therapy following mastectomy. This use of postoperative radiation 
was based on two considerations. First, there is a significant incidence of 
local-regional relapse following mastectomy, especially if axillary nodes are 
involved. Second, radical mastectomy fails to remove internal mammary 
nodes, one of the major lymph node drainage areas from the breast. Hand- 
` ley (4) reported on 1000 patients with operable breast cancer undergoing 
internal mammary node biopsy, and found that 223 showed metastatic 
spread (4). Taken together these results indicate that occult cancer fre- 
quently remains in the local-regional area following radical mastectomy. It 
was hoped that postoperative radiation could eliminate this occult residual 
cancer and thereby improve the survival in those patients without distant 
spread. i 
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Extensive experience with postoperative radiation clearly demonstrates 
that moderate-dose radiation can eliminate: occult residual deposits of 
breast cancer. Without postoperative radiation, 20-25% of patients with 
positive axillary nodes will relapse in the supraclavicular area. Fletcher (5), 
at the M. D. Anderson Hospital, demonstrated that low-dose radiation 
(3000-3500 rad in 4 weeks) reduced supraclavicular relapse in axillary 
node-positive patients to 7%; moderate-dose radiation (4500-5000 rad in 
4 weeks) reduced the relapse rate to 1%. These data stress the importance 
of adequate dose (4500-5000 rad in 5 weexs) in eradicating subclinical 
disease. The results from our own institution (6) also demonstrate the 
effectiveness of postoperative radiation. From July 1968 through December 
1972, 354 patients were referred for postoperative radiation at the Joint- 
Center for Radiation Therapy. These patients were referred for a variety of 
reasons, including spread to axillary lymph nodes, inner or central primary 
cancers, or because the surgeon was concerned about the margins of resec- 
tion. The overall axillary, supraclavicular, or internal mammary node re- 
currence rate was 1%; the chest wall recurrence rate was 5%. These results 
are significantly less than would be expected in the absence of radiation. 
Results from other institutions (7-9) also demonstrate that moderate-dose 
radiation significantly reduces the likelihooc of local-regional relapse. 

Postoperative radiation clearly reduces local-regional relapse, but its 
effect on survival remains controversial. In an attempt to address this 
question, the National Surgical Adjuvant Breast Project (NSABP) con- 
ducted a prospective randomized trial in which patients with early breast 
cancer were treated by radical mastectomy and were then randomly as- 
signed to postoperative radiation to regional lymph node areas, or to a 
control group (1). The results are shown in Table 3. Postoperative radiation 
clearly reduced regional relapse, but there was not a statistically significant 
improvement in survival. Two more recent clinical trials testing the value 
of postoperative radiation showed similar results (7, 8). The weight of 
current evidence supports the conclusion that postoperative radiation does 
not, in general, significantly improve survival. The currerit understanding 
is that the large majority of patients with occult residual local-regional 


Table 3 Results at 5 years from the NSABP trial testing the value of postoperative radia- 
tion therapy 


Relapse-free survival (%) Regional recurrences (%) 
Histologic axillary Irradiated Irradiated 
nodal status patients . Controls patients Controls 


All negative 78.6 76.0 0 2.1 
1-3 positive 49.1 47.8 0 4.5 
4 or more positive 28.4 18.0 1.5 12.5 
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cancer following mastectomy already have occult distant spread. As a 
result, while postoperative radiation can eliminate the residual local- 
regional cancer, it does not prevent the appearance of distant metastases or 
improve survival. 

Although postoperative radiation is not of value in unselected patients, 
further study is required to determine whether or not there are subsets of 
patients for whom postoperative therapy is of value. There is preliminary 
evidence that patients with inner or central primaries and positive axillary 
nodes may be such a subset (7, 10). Many physicians feel that for high-risk 
patients the prevention of local-regional recurrence is sufficient reason to 
recommend this treatment. Local-regional recurrence can be highly dis- 
tressing to a patient, and once manifest is only controlled in 50-67% of 
cases (11, 12). 

With the demonstration that moderate-dose radiation could eradicate 
subclinical disease in the supraclavicular and internal mammary node re- 
gions, it was logical to ask whether or not radiation could eradicate disease 
in the axilla. MacWhirter, from Scotland, was one of the first to combine 
total mastectomy with radiation to the axillary, internal mammary, and 
supraclavicular lymph node areas as a substitute for radical mastectomy. 
His retrospective results supported the conclusion that more conservative 
surgery combined with radiation was equivalent to radical mastectomy 
(13). More recently, the NSABP conducted a clinical trial comparing these 
two forms of local treatment (14). With an average follow-up time of 36 
months, patients with clinically negative axillary nodes treated by radical 
mastectomy had a local-regional relapse rate of 8%, compared to 5% for 
patients treated by total mastectomy and regional radiation. Relapse in the 
axilla was 1% in both groups. The rate of distant relapse and survival was 
also similar for these two forms of treatment. These results support the use 
of more conservative surgery combined with radiation as an equivalent to 
radical surgery. 

The next logical question to ask is whether or not radiation can be 
combined with even more conservative surgery (namely, a resection of only 
the primary tumor in the breast) and still achieve adequate local-regional 
tumor control. If moderate doses of radiation can eradicate subclinical 
disease in the supraclavicular, internal mammary, and axillary lymph node 
areas, it is reasonable to assume it can eradicate subclinical cancer in the 
breast. Conservative surgery for resection of gross cancer, combined with 
moderate-dose radiation to the breast and draining lymph node regions, is 
what is meant by primary radiation therapy for carcinoma of the breast. 


Primary Radiation Therapy 


The concept of combining conservative surgery with radiation as a substi- 
tute for more radical surgery is not new. Geoffrey Keynes, a surgeon at St. 
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Bartholomew’s Hospital in London, began to treat patients with operable 
carcinoma of the breast in this fashion as early as 1924 (15, 16). Because 
of the rudimentary external beam radiation equipment available at that 
time, Keynes treated patients by radium needle implantation of the breast 
and draining lymph node areas. A 10-year retrospective review from St. 
Bartholomew’s Hospital was published in 1953 (17). For patients with 
disease clinically confined to the breast, the 10-year survival rate following 
simple surgery and radium treatment was 49%, compared to 52% for 
radical surgery. For patients with clinical spread to axillary nodes, the 
10-year survival rate following simple surgery and radium treatment was 
27%, compared to 26% for radical surgery. Local-regional control follow- 
ing the more conservative treatment, however, was not as good as that 
following radical surgery. The local-regional recurrence index was 13% 
with conservative treatment and 6% with radical surgery. Subsequent expe- 
rience has shown that implantation of large and complex volumes, such as 
the breast and draining lymph node areas, cannot provide the radiation dose 
homogeneity required for optimal local-regional control. Implantation is 
now reserved for boosts to localized areas, following more homogeneous 
radiation to those larger volumes using high energy, external beam radia- 
tion. 

Two early advocates of conservative surgery combined with radiation 
were Vera Peters and Sakari Mustakallio. Beginning in 1939, Peters, at the 
Princess Margaret Hospital in Toronto, treated patients with T1 or T2, NO 
breast cancers with excision and radiation (183. To compare her results with 
those achieved by radical surgery, she performed a matched-pair analysis 
in which each of 184 patients treated by excision and radiation were 
matched by age, size of primary tumor, and year of treatment to three 
patients treated by radical mastectomy and radiation. These results carried 
out to 30 years do not show any significant differences in survival. 

Mustakallio, in Helsinki, similarly employed simple excision with radia- 
tion in patients with clinically negative axillary nodes (19). He gave radia- 
tion therapy considered inadequate by current standards. Using 180-250 
kV equipment, he delivered a 2100-rad surface dose in 6 fractions to the 
breast and lymph node areas: 25% of his patients developed local-regional 
recurrence by 10 years. Despite this high local recurrence rate, he observed 
a 5-year survival of 79% and a 10-year rate of 61%. In a more recent review 
of Mustakallio’s experience, Rissanen & Holsti (20) retrospectively com- 
pared the results of local excision and radiation, to radical mastectomy and 
tadiation. They found that the 10-year survival rates were similar for the 
two treatments in patients with T1 primary tumors, but noted an advantage 
for the more radical surgery in patients with T2 primary tumors. 

Based on the findings obtained in retrospective studies such as these, a 
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prospective randomized trial was begun in 1961 at Guy’s Hospital in Lon- 
don by Hedley Atkins and John Hayward. Patients aged 50 years or more 
with T1 or T2, NO or Ni carcinoma of the breast were randomized to either 
radical mastectomy and postoperative radiation, or to wide local resection 
and postoperative radiation. Between 1961 and 1971, 310 patients entered 
the trial with 188 undergoing radical mastectomy and 182 undergoing wide 
local resection. This study has been criticized because of the low doses of 
radiation delivered. Patients undergoing the conservative operation were 
treated on a 300-kV machine to the axillary and supraclavicular lymph node 
areas, and received 2500-2700 rad in 12 days. The breast, including the 
internal mammary chain, was treated on a 6-MeV linear accelerator and 
received 3500-3800 rad in:3 weeks. While the dose delivered to the breast 
was close to what is required for control of subclinical disease, the dose to 
the axilla was extremely low. This is especially true for N1 patients (axillary 
nodes clinically suspicious), many of whom had gross axillary disease. As 
a result of these low radiation doses, 22% of patients in the conservatively 
treated group developed axillary recurrences. In comparison, only 1% of 
patients treated by radical mastectomy developed axillary recurrences, As 
noted before, with adequate doses to the axilla, recurrences in that area are 
uncommon. Of interest is that with the higher dose used to treat the breast, 
only 5% of patients treated by wide excision and radiation developed recur- 
rence in the residual -breast tissue. 

The 5-year results from the Guy’s Hospital trial were published in 1972 
(21) and the updated 10-year results (see Table 4) in 1977 (22). The results 
are subdivided by whether or not axillary: nodes were clinically negative 
(NO) or positive (N1). NO patients showed no significant difference in the 
incidence of distant metastases or in survival, which confirms the results 
seen at 5 years. N1 patients showed a slight increase in the incidence of 
distant metastases in the conservatively treated group and a decrease in 
survival. While the previously published 5-year results were statistically 
significant, the updated 10-year results were not. 


Table 4 The 10-year results from the Guy’s Hospital trial 





Axillary nodes Axillary nodes 
` clinically negative clinically positive 
Distant Distant: 


Therapy metastases (%) Survival (%) metastases (%) Survival (%) 





Wide excision i 
and radiation 44 52 ~- 65 30 
Radical mastectomy ae f 
and radiation 46 58 60 43 
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The results of the Guy’s Hospital trial clezrly indicate that wide local 
excision and low-dose radiation do not effeczively control local-regional 
tumors. As will be indicated, the results with more modern radiotherapeutic 
techniques and adequate radiation dose provide vastly: improved local- 
regional tumor control. Despite the inadequacies in the radiation treatment, 
the 10-year results actually support the use of conservative treatment, espe- 
cially in patients with clinically negative axilla, by demonstrating no differ- 
ences in survival or distant metastases. ; 

In the early 1960s, several institutions in France began treating patients 
with early breast cancer primarily with radiation. This approach was based 
on the earlier work of Baclesse, who in the 1930s provided histological 
evidence of breast cancer eradication following adequate doses of radiation 
using orthovoltage equipment (23). With the widespread introduction of 
megavoltage Co and '37Cs units in France in the late 1950s, it became 
possible to treat patients with improved dose homogeneity and with sparing 
of the uppermost levels of the skin. The experience from these institutions 
not only provides long-term results following primary radiation, but also 
illustrates the importance of certain technical factors involved in this 
treatment. 

In 1978, Calle et al (24) at the Curie Foundation in Paris published their 
results on 514 patients with operable breast cancer. Their treatment proto- 
col depended on the clinical stage of the cancer. If the primary tumor was 
3 cm or less, and no suspicious axillary nodes were present, patients were 
treated by lumpectomy followed by radiation. If the primary tumor was 
greater than 3 cm, or if suspicious axillary nodes were present, the diagnosis 
was confirmed by needle biopsy and treatment was given exclusively with 
external beam radiation. For patients treated by lumpectomy and radiation, 
the absolute survival, without evidence of disease, was 85% at 5 years and 
75% at 10 years. The local-regional recurrence rate in this group was 13% 
at 5 years; only 2% of patients had poor cosmetic results. In contrast, the 
results achieved by exclusive radiation were less satisfactory. Of 394 pa- 
tients, 234 (59%) required secondary surgery either for persistent or recur- 
rent disease. In addition, with the higher doses of radiation required to treat 
gross disease, the cosmetic result was not as good. Only 38% of patients 
had good to excellent cosmetic results, and 17% had poor results. Salvage 
of radiation failures by mastectomy was good, so that survival in this group 
did not appear to be compromised. The experience from the Curie Founda- 
tion provides long-term support for the efficacy of conservative surgery 
combined with radiation, but indicates that ‘umpectomy is important for 
maximizing initial local tumor control. Similar 10-year results were re- 
ported by Amalric et al (25) at the Marseilles Cancer Institute. 

Pierquin et al (26) at the Henri Mondor Hospital in France recently 
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published their experience with primary radiation therapy in 177 patients 
with operable breast cancer. Their policy regarding the extent of surgery 
was similar to that at the Curie Foundation: only those patients with 
primary tumors less than 3 cm underwent lumpectomy. Of note in this 
series, however, was the routine use of interstitial implantation. Treatment 
in all patients began with megavoltage Co; 4500 rad in 5 weeks was 
delivered to the entire breast and draining lymph node areas, and booster 
doses were delivered to the axillary and internal mammary lymph node 
areas. An additional 2500-3700 rad was then delivered to the primary 
tumor site by interstitial implantation. Figure 1 is a schematic illustration 
of the radiation doses obtained with interstitial implantation, and demon- 
strates the high dose of radiation that can be localized to a tumor-bearing 
volume in the breast, with relative sparing of nearby normal tissues, such 
as lung and skin. Besides the advantage in dose distribution, the constant, 
low-dose radiation delivered with interstitial implantation may have a 
greater antitumor effect than the intermittent, high-dose radiation given 
with external beam treatment. Pierquin et al chose to use !°7Ir as the source 
for interstitial radiation because of its effective energy (340 keV), long 
half-life (74.5 days), and convenience of administration. They observed a 
5% 5-year local-regional recurrence rate in T1 tumors, and an 8% rate in 
T2 tumors. Overall survival and relapse-free survival at 5 years were compa- 
rable to those for similarly staged patients treated by radical surgery at that 
institution. These results suggest that the use of interstitial implantation is 
an important technique for optimizing local tumor control. 

Beginning in 1973, a prospective randomized clinical trial testing the 
value of primary radiation therapy was begun at the National Cancer 
Institute of Italy at Milan. Women with primary tumors less than 3 cm and 
clinically negative axillary nodes were randomized to either radical mastec- 
tomy or to conservative treatment consisting of a wide local resection and 
full axillary dissection followed by radiation. The radiation consisted of 
5000 rad to the residual breast tissue and a 1000-rad boost using orthovolt- ° 
age to the region of the primary. As of November 1979, 330 patients had 
been randomized to the conservative treatment and 328 to radical mastec- 
tomy. Four patients treated conservatively had developed local-regional 
recurrence, compared to seven patients treated by radical mastectomy. In 
this preliminary report, the actuarial probabilities of survival and relapse- 
free survival (Figure 2) were comparable for the two treatments (31). 

Many US institutions now treat women with early breast cancer with 
primary radiation therapy (27-30). The experience at our own institution 
is representative of these recent studies, and illustrates the results that can 
be obtained (32). This experience includes 176 consecutive patients with 
UICC stage I and II carcinoma of the breast treated between July 1968 and 
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Primary Tumor 





Figure 1 ‘Typical radiation dose distribution seen with external beam plan (A), interstitial 
implant (2), and composite (C). ` 


December 1977. Eight of these patients had a contralateral breast cancer 
treated, making a total of 184 breasts treated by primary radiation therapy. 
In all cases, microscopic examination revealed invasive carcinoma. Patients 
were intially referred for treatment if they refused mastectomy or. were 
considered medically unfit for surgery. Later in the series, patients were 
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Radical Mastectomy 
Conservative Treatment 


PROBABILITY of DISEASE FREE SURVIVAL 





(0) | 2 3 4 5 6 
YEARS 


Figure 2 Prospective randomized trial comparing radical mastectomy with conservative 
surgery and radiation from the National Cancer Institute, Milan, Italy. 


referred because of physician or patient preference. Follow-up ranged from 
12 to 117 months with a-median of 33 months. The details of the therapy 
have been described previously (33). 

In presenting these results, we direct our attention principally to local- 
regional control rates, because this is the primary objective of local-regional 
treatment. Since the majority of local-regional failures occur in the first 2-3 
years following treatment, these results are considered a good indication of 
the eventual control rates to be obtained..Of the 184 breast cancers treated, 
11 (6%) have had local-regional recurrence. Three of 62 (5%) stage I 
cancers recurred locally; 8 of 122 (7%) stage I recurred locally. Ten of the 
failures occurred in the breast alone and one occurred in the breast and 
axilla. ; 

We have attempted to determine the importance of excisional biopsy and 
interstitial implantation on local-regional recurrence control (Table 5). In- 
terstitial implantation improved local-regional control (p<0.05, by the 
2-tail Fisher Exact test). One of 73 patients (1%) treated by interstitial 
implantation developed a local recurrence, compared to 10 of 111 patients 
(9%) in whom implantation was not performed. Local-regional control was 
better in patients having an excisional biopsy than in those having less than 
an excisional biopsy, but the number of patients failing to have excisional 
- biopsy was small, and the difference in control did not reach statistical 
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Table 5 Local-regional recurrence rates from the JCRT series 


No 
Procedure Implantation implantation Total 
` Excisional biopsy 1/63 7/103 _ 8/166 (5%) 
Less. than 
excisional biopsy 0/10 3/8 3/18 (17%) 
Total 1/73 (1%) 10/111 (9%) 11/184 (6%) 


significance (p=0.08). These results corroborate the findings from the Curie 
Foundation and from Creteil by demonstrating the importance of both 
excisional biopsy and interstitial implantation in maximizing local tumor 
control. The actuarial 5-year survival rate in this group of patients was 
94% for stage I and 73% for stage II. While 10-15-year survival rates 

` in carcinoma of the breast are still needed, these preliminary results are _ 
comparable to those seen following mastectomy in similarly staged 
patients. 

The local control rate in this series is encouraging, but it is not the sole 
criterion for judging the success of primary radiation therapy. If primary 
radiation therapy is to be a useful alternative to surgery for early carcinoma 
of the breast, it must also achieve good cosmetic results. We reported a 
cosmetic evaluation in which 66% of treated breasts were judged good or 
excellent by physician evaluation, and 88% were judged good or excellent 
by the patients themselves (34). Three principal treatment factors in- 
fluenced the cosmetic outcome: (a) the extent and location of the biopsy 
procedure; (b) the time-dose factors of the radiation therapy, and (c) the 
technique of the radiation therapy. Cosmetic results were adversely affected 
when the biopsy scar was obvious. Increasing doses of external beam radia- 
tion above 4500-5000 rad in 5 weeks resulted in greater degrees of retrac- ’ 
tion and fibrosis of the treated breast. All patients in this series were treated 
with megavoltage equipment, and permanent skin changes secondary to 
treatment were infrequent. Interstitial implantation did not diminish the 
cosmetic outcome. 

In our experience, external beam radiation for breast cancer is well 
tolerated; mild fatigue is the most common side-effect. Treatments are given 
5 days a week for approximately 5 weeks. Each treatment takes 15-20 
minutes with most of that time spent on patient set-up. Patients rarely 
compain of nausea, and cranial hair loss is not seen. At the end of 5 weeks, 
patients may develop local skin changes varying from dry desquamation 
and erythema, to areas of moist desquamation. These changes are transient 
and clear within 1-3 weeks. Interstitial implantation is usually performed 
under general anesthesia and remains in place for approximately 2-3 days. 
Following recuperation from the anesthesia, patients are up and about their 
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rooms and, typically, do not require analgesics. Late reactions in the ir- 
radiated volume can occur in the months following treatment. The most 
common reaction was rib fractures, which occurred in 10 of the 184 cases 
(5%). Five patients (3%) developed a nonproductive cough and mild short- 
ness of breath, and chest x rays showed evidence of radiation pneumonitis. 
In all cases, these symptoms were self-limited and did not require hospitali- 
zation. Other transient reactions were seen: one patient developed a pleural 
effusion following treatment and another patient had paresthesias in her 
ipsilateral arm. Three patients experienced more significant side-effects. 
One patient developed marked fibrosis in her treated supraclavicular region 
and persistent motor weakness in her ipsilateral arm. Another patient devel- 
oped significant arm edema and a venogram revealed partial obstruction of 
her innominate vein. The third patient, who presented with a synchronous 
bilateral breast cancer, developed radiation pericarditis following mediasti- 
nal irradiation of her internal mammary nodes. This patient required a 
pericardiectomy, but is now well. 

One of the possible complications of this treatment is the induction of 
’ tumors in the irradiated volume. While radiation has been clearly identified 
as a carcinogen, the risk of carcinogenesis following therapeutic levels of 
radiation has not been adequately defined. A full discussion of this topic is 
beyond the scope of this review, except to mention two considerations: the 
dose of radiation and the age at the time of exposure. The likelihood of 
tumor induction following therapeutic doses of radiation cannot be ex- 
trapolated from estimates following lower doses of radiation. The experi- 
ence with pelvic irradiation illustrates this point. At one time, pelvic 
irradiation with doses of 500-1000 rad was used to treat benign uterine 
bleeding. The follow-up on this experience has shown a three-fold increase 
in the leukemia risk (35-37). In contrast, higher doses of pelvic radiation 
(typically combining implantation and external beam radiation) have been 
used to treat carcinoma of the uterine cervix, and several large studies have 
failed to demonstrate any increased risk of leukemia in this group of patients 
(38-40). It has been hypothesized that radiation results in two separate 
processes: cell transformation, leading to malignancy, and cell inactivation, 
resulting in loss of clonogenic potential. Current evidence suggests that cell 
transformation has a linear relation to radiation dose, while cell inactivation 
has an exponential relation. If this hypothesis is correct, then one would 
observe an optimal carcinogenic dose of radiation. With higher doses, cell 
inactivation would be relatively more prominent than cell transformation, 
and the absolute risk of carcinogenesis would decrease. The available data 
on the occurrence of leukemia following radiation are consistent with this 
hypothesis, and indicate that the risk of leukemia following therapeutic 
levels of radiation is lower than would be predicted on the basis of the 
experience with lower doses. 
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A second consideration is age at the time of exposure to radiation. There 
is evidence from several sources that the relative risk of tumor induction 
in breast tissue is greater in younger women, than in older women. In a large 
Massachusetts study examining the risk of breast cancer in women follow- 
ing repeated fluoroscopic examinations of the chest, no increased risk was 
seen for women 30 years of age or older; while a 3.8-fold increased risk was 
observed for women aged 15 to 19 (41). Similar findings were noted in 
another fluoroscopic study from Nova Scotia (42). In a follow-up of women 
treated at the Radiumhemmet in Sweden for various non-neoplastic condi- 
tions of the breast, a four-fold increase in the breast cancer risk was seen. 
For women aged 34 or less, the risk was 7.1 times greater than expected; 
for women aged 35 or more, the risk was 2.2 times greater (43). Similarly, 
the data from the atom bomb experience in Japan indicated an increase in 
breast cancer in exposed women, the risk being significantly greater for 
younger women (44). 

The available data on tumor induction following radiation for carcinoma 
of the breast suggest that the risk is small. As noted before, primary radia- 
tion therapy for breast cancer began as early as the 1930s, and there have 
not been any reported second malignancies following this treatment. The 
experience with postoperative radiation is even more extensive, and with 
greater follow-up. In a study from Ontario, Canada, the risk of developing 
a contralateral breast cancer was not increased in patients who received 
postoperative radiation compared to non-irradiated patients (45). Soft tissue 
and bone sarcomas have been seen following postoperative radiation. In a 
50-year review of records from the Memorial Hospital in New York City, 
there were nine cases of sarcomas following radiation for breast cancer (46). 
The total number of irradiated patients is not given, although it was com- . 
mon practice for many years at that institution to deliver postoperative 
radiation in all patients with positive nodes. For comparison, over a similar 
time-span at the Columbia-Presbyterian Hospital, a total of 18 cases of 
lymphangiosarcoma of. the ipsilateral arm were seen as a consequence of 
radical mastectomy (47). Here, too, the total number of patients at risk is 
not available, so that the likelihood of developing this complication cannot 
be calculated. For the most part, however, lymphangiosarcoma was consid- 
ered a rare complication, and was not felt to be a contraindication to radical 
mastectomy. 

The use of adjuvant chemotherapy can follow the same guidelines used 
following mastectomy. Patients considered for adjuvant chemotherapy in 
our institution now undergo an axillary sampling prior to treatment. This 
sampling provides histologic confirmation of axillary node involvement 
currently required for the use of adjuvant chemotherapy. We recently re- 
viewed our experience with 177 patients undergoing this procedure (48). In 
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most cases a separate incision in the axilla is preferred. Lymph nodes from 
level one, and sometimes level two, are removed; typically about 10 nodes 
are recovered. Axillary sampling is a useful procedure with minimal mor- 
bidity in those patients for whom adjuvant chemotherapy is contemplated. 
The timing of these various modalities is currently under review. In most 
patients with early breast cancer, an excisional biopsy is performed for 
pathologic confirmation of the diagnosis, and for determination of hormone 
receptor status. At this point, the various options regarding local treatment 
are discussed with the patient. If a patient decides on a course of primary 
radiation therapy, and an axillary sampling is indicated, we have found it 
convenient and feasible to perform axillary sampling and interstitial im- 
plantation of the breast under the same anesthesia. In these patients, the 
external beam portion of the treatment follows the interstitial implant. 
Chemotherapy is generally used following completion of the radiation. In _ 
some cases chemotherapy has been started prior to institution of radiation. 
Further study is required to determine the optimal sequencing of the radia- 
tion and chemotherapy. 


Conclusion 


The last two decades have seen considerable evolution in breast cancer 
treatment, though the optimal treatment of this disease remains uncertain 
and controversial. From both a conceptual and a practical point of view, 
breast cancer treatment can be divided into (a) local-regional treatment to 
the breast and draining lymph node areas, and (b) systemic treatment for 
metastatic spread. Mastectomy has been the traditional form of local- 
regional treatment and has provided local-regional tumor control in 85- 
90% of cases. Initially, radiation was used following mastectomy. While 
this experience with postoperative radiation was apparently not of survival 
value in unselected patients, it clearly demonstrated that moderate doses of 
radiation can eradicate subclinical deposits of breast cancer. Further study 
is required to identify whether or not there are subsets of patients in whom 
postoperative radiation would be of value. 

Primary radiation therapy is an alternative to mastectomy that combines 
conservative surgery for removal of gross disease with moderate doses of 
radiation for control of subclinical disease. Recent results with this treat- . 
ment show local-regional tumor control comparable to that achieved by 
mastectomy. Effective tumor control with radiation depends on the removal 
of gross disease by surgery and the use of adequate doses and technique of 
radiation. A booster dose to the involved quadrant of the breast is required 
for optimal results, and this can be satisfactorily delivered by an interstitial 
implant. Cosmetic results following primary radiation are typically good to 
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excellent, but, here again, the technique of the surgery and radiation are 
crucial. Survival results at 5 and 10 years from a number of retrospective 
studies are also comparable to those of surgery. Side-effects from treatment 
are minimal when good technique is employed, but more experience is 
required to judge more fully any late effects of this treatment. The use of 
adjuvant chemotherapy, for control of metastatic disease, can be combined 
with primary radiation therapy. Patients considered for adjuvant chemo- 
therapy currently undergo an axillary sampling prior to radiation in order 
to judge the need for adjuvant chemotherapy. The sequencing of these 
various modalities of treatment is under review. 

Primary radiation therapy is a reasonable alternative to radical surgery 
for patients who are concerned about mastectomy, and when adequate 
surgical and radiotherapeutic expertise is available to deliver this treatment. 


Literature Cited 


1. Fisher, B., Slack, N. H., Cavanaugh, P. ing the course of breast cancer? Semin. 
J., Gardner, B., Ravdin, R. G. (and Co- Oncol. 5:450-64 
operating Investigators). 1970. Post- 10. Lacour, J., Bucalossi, P., Cacers, E., 
oparte radiotherapy in the treatment Jacobelli, G., Koszarowski, T., Le, M., 
of breast cancer: Results of the NSABP Rumeau-Rouquette, C., Veronesi, U. 
clinical trial. Ann. Surg. 172:711-30 1976. Radical mastectomy versus radi- 
2. Valagussa, P. Bonadonna, G., cal mastectomy plus internal node dis- 
Veronesi, U. 1978. Patterns of relapse section. Cancer 37:206~14 
and survival following radical mastec- 11. Chu, F. C. H., Lin, F. J., Kim, J. H., 
tomy: analysis of 716 consecutive pa- Huh, S. H., Garmatis, C. J. 1976. Lo- 
tients. Cancer 41:1170-78 cally recurrent carcinoma of the breast. 
3. Baker, R. R., Montague, A. C. W., Results of radiation therapy. Cancer 
Childs, J. N. 1979. A comparison of 37:2677-81 
modified radical mastectomy to radical 32, Zimmerman, K. W., Montague, E. D., 
mastectomy in the treatment of opera- Fletcher, G. H.: Frequency, anatomic 


ble breast cancer. Ann. Surg. 189: distribution and management of local 


553-57 
4. Handley, R. S. 1975. Carcinoma of the recurrences after delpite therapy: tof 
breast. Ann. R. Coll. Surg. 57:59-66 13, McWhirter, R. 1955. Simple mastec- 


5. Fiachan O. ‘ene amar tomy and radiotherapy in the treatment 
of localized breast cancer. Cancer ire cancer. Br. J. Radiol. 28: 
6. a em R. R., Marck, A., Hell- 14. Fisher, B., Montague, E., Redmond, C., 
man, S. 1976. The role of post-operative Barton, B., Borland, D., Fisher, E. R., 
irradiation in carcinoma of the breast. Deutsoh, M., Schwartz, G., Margolese, 


Cancer 37:2682-90 R., Donegan, W., Volk, H., Kon- 

7. Höst, H., Brennhovd, I. O. 1981. Does volinka, C., Gardner, B., Cohn, I., Les- 

ost operative radiation live any place nick, G., Cruz, A., Lawrence, W., Nea- 

following radical mastectomy? Cancer. lon, T., Butcher, H., Lawlon, R. (and 

In press . Other NSABP investigators) 1977. 

8. Wallgren, A. 1977. A controlled study: Comparison of radical mastectomy 

preoperative versus postoperative ir- with alternative treatments for primary 

radiation. Int. J. Radiat. Oncol. Biol. breast cancer. Cancer 39:2827-39 

Phys. 2:1167-69 15. Keynes, G. 1929, The treatment of pri- 

9. Bonadonna, G., Valagussa, P., Rossi, mary carcinoma of the breast with 
A., Zucali, R., Tancici, G., Bajetta, E., radium. Acta Radiol. 10:393-402 

Brambilla, C., De Lena, M., DiFronzo, 16. Keynes, G. 1937. Conservative treat- 

G., Banfi, A., Rilke, F., Veronesi, U. ment of cancer of the breast. Br. Med. 


1978. Are surgical adjuvant trials alter- J. 2:643-47 


17. 


18. 


19. 


20. 


21. 


22. 


23. 


24, 


25. 


26. 


27. 


28. 


29. 


RADIATION THERAPY FOR BREAST CANCER 


Williams, I. G., Murley, R. S., Curwen, 
M. P. 1953. Carcinoma of the female 
breast: conservative and radical sur- 
gery. Br. Med. J. 2:787-96 
Peters, M. V. 1977. Wedge resection 
with or without radiation in early breast 
cancer. Int. J. Radiat. Oncol. Biol. Phys. 
2:1151-56 
Mustakallio, S. 
treatment of breast carcinoma—review 
of 25 years follow up. Clin. Radiol. 
23:110-16 
Rissanen, P. M., Holsti, P. 1974. A 
comparison between conservative and 
radical surgery combined with. radio- 
therapy in the treatment of breast can- 
cer stage I. A 10-year follow-up study 
on 866 patients. Strahlentherapie 147: 
370-74 
Atkins, H., Hayward, J. L., Kligman, 
D. J. 1972. Treatment of early breast 
cancer: A report after 10 years of a clini- 
cal trial. Br. Med. J. 2:427-29 
Hayward, J. L. 1977. The Guy’s trial of 
treatments of “early” breast cancer. 
World J. Surg. 1:314-16 
Baclesse, F. 1949, Roentgen therapy as 
the sole method of treatment for cancer 
of the breast. Am. J. Roentgenol. 
Radium Ther. Nucl. Med. 62:311 
Calle, R., Pilleron, J. P., Schlienger, P., 
Vilcoq, J. R. 1978. Conservative man- 
agement of operable breast cancer. Can- 
cer 42:2045-53 
Amalric, R., Santamaria, F., Robert, 
F., Seigle, J., Altschuler, C., Spitalier, J. 
M., Brandone, H., Ayme, Y., Pollet, J 
F., Abed, R. 1981. Radiation therapy 
with and without primary limited sur- 
gery for operable breast cancer: a 20- 
year experience at the Marseilles Can- 
cer Institute. In press 
Pierquin, B., Owen, R., Maylin, C., 
Otmezguine, Y., Raynal, M., Mueller, 
W., Hannoun, S. 1980. Radical radia- 
tion therapy of breast cancer. Int. J. Ra- 
diat. Oncol. Biol. Phys, 6:17-24 
Chu, A. M., Cope, O., Russo, R., Wang, 
ac, Schulz, M., Wang, Ç: A, Rod- 
key, G. 1980. Treatment of early stage 
breast cancer by limited surgery and 
radical irradiation. Int. J. Radiat. On- 
col. Biol. Phys. 6:25-30 
Prosnitz, L., Goldenberg, I. S. 1975. 
Radiation therapy as primary treatment 
for early stage carcinoma of the breast. 
Cancer 35:1587-96 
Alpert, S., Ghossein, N. A., Stacey, P., 
Migliorelli, F. A., Efron, G., Krishnas- 
wamy, V. 1978. Primary management 
of operable breast cancer by minimal 


1972. Conservative 


32. 


33. 


` 34, 


403 


‘surgery and radiotherapy. Cancer 


42:2054-S8 


. Montague, E. D., Gutierrez, A. E., 


Barker, J., Tapley, N. D., Fletcher, G. 
1979. Conservative surgery and irradia- 
tion for the treatment of favorable 
breast cancer. Cancer 43:1058-61 


. Veronesi, U. 1981. Personal communi- 


cation 

Heliman, S., Harris, J. F., Levene, M. 
B. 1980. Radiation therapy of early car- 
cinoma of the breast without mastec- 
tomy. Cancer. 46:988-94 

Harris, J. R., Levéne, M. B., Hellman, 
S. 1978. Role of radiation therapy in the 
primary treatment of carcinoma of the 
breast. Semin. Oncol. 5:403~16 
Harris, J. R., Levene, M. B., Svensson, 
G., Hellman, S. 1979. Analysis of cos- 
metic results following primary radia- 


- tion therapy for stages I and II car- 


35. 


36. 


37. 


38. 


39. 


41. 


42. 


43. 


. Zippin, C., Bailar, 


cinoma of the breast. Int. J. Radiat. On- 
col. Biol. Phys. 5:257-61 

Alderson, M. R., Jackson, S. M. 1971. 
Long-term follow up of patients with 
menorrhagia treated by irradiation. Br. 
J. Radiol. 44:295-99 

Brinkley, D., Haybittle, J. L. 1969. The 
late effects of artificial menopause by 
x-radiation. Br. J. Radiol. 42:519--21 
Doll, R., Smith, P. G. 1968. The long- 
term effects of x-irradiation in patients 
treated for metropathia hemorrhagica. 
Br. J. Radiol. 41:362-68 

Hutchison, G. B. 1968. Leukemia in pa- 
tients with cancer of the cervix uteri 
treated with radiation. A report cover- 
ing the first 5 years of an international 
study. J. Natl Cancer Inst. INCI 
40:951-82 

Simon, N., Brucer, M., Hayes, R. 1960. 
Radiation and leukemia in carcinoma of 
the cervix. Radiology 74:905~11 

J. C., Hohn, H. I, 
Lum, D., Eisenberg, H. 1971. Radiation 
therapy for cervical cancer—late effects 
on life scan and on leukemia incidence. 
Cancer 28:937-42 

Boice, J. D. Jr., Monson, R. R. 1977. 
Breast cancer in women after repeated 
fluoroscopic examinations of the chest. 
J. Natl. Cancer Inst. 59:823-32 
Myrden, J. A., Hiltz, J. E. 1969. Breast 
cancer following multiple fluoroscopies 
during artificial pneumothorax treat- 
ment of pulmonary tuberculosis. Can. 
Med. Assoc. J. 100:1032-34 

Baral, E., Larsson, L., Mattsson, B. 
1977. Breast cancer following irra- 
diation of the breast. Cancer 40: 
2905-10 





404 


44, 


45. 


46. 


HARRIS, LEVENE & HELLMAN 


Tokunaga, M., Norman, J. E., Asano, 
M., Tokuoka, S., Ezaki, H., Nishimore, 
L, Tsuji, Y. 1979. Malignant breast tu- 


mors amoung bomb survivors, Hiro- . 


shima and Nagasaki, 1950-1974. J. 
Natl. Cancer Inst. 62:1347-59 
McCredie, J. A., Inch, W. R., Alderson, 
M. 1975. Consecutive primary car- 
cinoma of the breast. Cancer 35: 
1472-77 ; 

Kim, J. H., Chu, F. C., Woodward, H. 
Q., Melamed, M. R., Huvos, A., Can- 
tin, J. 1978. Radiation-induced soft tis- 


47. 


48. 


sue and bone sarcomas. Radiology 
129:501-8 

Stcut, A. P., Lattes, R..1967. Tumors of 
the Soft Tissue. Washington, DC: 
Arned Forces Institute Pathol. 
Boznick, L. E., Rose, C. M., Harris, J. 
R., Levene, M. B., Weinstein, M., 
Kcufman, C., Silen, W., Hellman, S. 
1980. Technique and results of axillary 
sampling in patients undergoing defini- 
tive breast irradiation. Abstr. Proc. Am. 
Soc. Therapeutic Radiologists. 


Ann. Rev. Med. 1981. 32:405-12 l 
Copyright © 1981 by Annual Reviews Inc. All rights reserved 


CONVULSIVE AND DRUG $7407 
THERAPIES OF DEPRESSION 


Max Fink, M.D. . 


Department of Psychiatry and Behavioral Science, School of Medicine, State 
University of New York at Stony Brook, Stony Brook, New York 11794 


Depressive disorders are complex alterations in mood state; they occur at 
any age and are of unknown and seeming multiple pathogenesis. There is 
no generally accepted reliable prophylaxis or treatment for depressive disor- 
ders. Various therapies are used, ranging from environmental change, reas- 
surance, counselling, and psychotherapy to drug therapies and to such 
unusual interventions as electroconvulsive therapy (ECT), insulin coma, 
and.leukotomy. Environmental and verbal therapies are generally used for 
the altered mood states following bereavement, loss of a job or a lover, or 
other “reactive” depressive states. For more serious mood disturbances, 
particularly those with endogenous features or suicide threats, specific an- 
tidepressant drug therapies are generally recommended. Studies comparing 
the efficacy of tricyclic antidepressants or monoamine oxidase inhibitors 
with ECT consistently find ECT to be clinically more effective and, at the 
least, equivalent in safety (28). Yet, ECT is infrequently prescribed. The 
reasons are many, includirig inelegance, expense, risks, side-effects, fear, and 
the need for special training and special facilities for ECT. But, if the. 
published reports are correct that ECT is an effective and rapidly active 
treatment, which is also as safe as other therapies, when and how is it to 
be recommended to overcome the fear and antipathy to its use? Are there 
guides to the recommendation of ECT that may be useful in clinical medical 
practice? 


Diagnostic Considerations 
The best guide in choosing a therapy for depression is the clinical diagnosis 
‘combined with estimates of the severity of the illness, the acuteness of onset, 
_ and the presence of well-defined symptoms. But the number and variety of 
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diagnostic classifications of mental illnesses seem infinite, and depressive 
disorders are in the forefront of the more complex and insecure typologies 
(46, 57). An enduring and useful distinction is that reflected in the endoge- 
nous (psychotic, vital, physiological) and reactive (neurotic, personal, psy- 
chological) classification. The endogenous group includes subjects with 
severely depressed mood, diurnal variation, guilt, retardation, insomnia, 
anorexia, loss of weight, and loss of libido. Th reactive group encompasses 
those with milder illnesses, prone to fluctuate from day to day and lacking 
the characteristic vegetative features of the endogenous disorders. This 
distinction has considerable merit for the decision to use ECT. Other char- 
acterizations, such as bipolar-unipolar or anxious-hostile depression, lack 
sufficient reliability for clinical use. Similarly, the recent American Psychi- 
atric Association approved classification, DSM-III, distinguishes among 
major depressive state, cyclothymic, dysthymic, and atypical bipolar disor- 
ders; but these distinctions have yet to be tested in clinical practice, so that 
DSM-III remains of limited usefulness in selecting a therapy for a depressed 
individual. 

For convulsive therapy, various predictors have been related to a favor- 
able outcome (Table 1). While none alone 3s reliable, a patient showing 
many symptoms with moderate or high severity is more likely to respond _ 
well to ECT (and to tricyclic antidepressants) than a patient in whom the 
symptoms are few and mild. Poor prognostic indicators have also been 
defined (Table 2). While these indicators are derived from prognostic stud- 
ies, without direct dependence on a single diagnostic convention, the knowl-- 
edgeable reader will realize that the favorable criteria define patients with 
an endogenous depressive syndrome of recent onset with sufficient severity 
to require hospitalization. 


ECT-Antidepressant Drug Comparisons 

That depressive psychoses, almost regardless of subtype, are the principal 
indications for convulsive therapy is a recent development. Induced seizures 
were introduced in 1934 for the treatment of schizophrenia. By 1938, 


Table 1 Indicators of a favorable outcome with ECT 


Insomnia Inability to cry 

Early morning awakening Inability to concentrate 

Diurnal mood swing (worse in a.m.) Delusions of worthlessness, guilt; 
Anorexia scmatic delusions 

Weight loss Suicidal thoughts, activity 

Dry mouth Stupor 

Constipation Elevated plasma cortisol 

Loss of libido Abaormal dexamethasone sup- 


Retardation pzession test 
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Table 2 Indicators of an unfavorable outcome 


with ECT 

Anxiety é Hypochondriasis 
Initial insomina Hysteria 

Worsening in p.m. Paranoia 

Fluctuating course Mildness of symptoms 
Tearfulness 


reports that ECT was singularly useful in the relief of mania and depression 
dotted the psychiatric literature. ECT continued to be widely used for many 
mental conditions until the new psychoactive drugs were introduced in the 
1950s, and replaced ECT in.most conditions outside severe mood disorders. 
The early studies (1938-1950) found severely depressed patients showing 
greater improvement, fewer relapses, and shorter periods of hospitalization ` 
after convulsive therapy than historical controls (including patients’ own. 
prior episodes) or patients receiving no therapy. The favorable response of 
patients with involutional depression was particularly compelling since 
such patients were usually treated with estrogens, with only limited success. 
Between 1945 and 1963, studies of the specificity of the seizures showed 
greater reductions in symptom scores, better discharge evaluations, and 
shorter hospitalizations for ECT than for placebo, or simulated ECT (anes- 
thesia alone), or subconvulsive treatments. These experiences set the stage 
for the ECT and antidepressant drug comparisons that are-the basis of our 
present practice. ECT was found more effective or equal to thymoleptics 
(19, 27, 35, 36, 39, 50, 52, 55, 58, 62, 68) (Table 3). ECT was also more 
effective than monoamine oxidase inhibitors (MAOT) (39, 47, 48, 62, 65), 
or.phenelzine and amitriptyline combined (22). These studies have right- 
fully been criticized for using doses of the MAOI that are now considered 
too ‘low, and further evaluations are needed. Comparisons of the relative 
efficacy of ECT and lithium (in depression or mania) or ECT and antipsy- 
chotic drugs are lacking. 
. No significant advantage has been reported for the use of antidepressant 
drugs combined with ECT over that of ECT alone. This conclusion includes 


Table 3 ECT efficacy in psychotic depression 


: Number of 
Type of study studies Chi? p value? 
ECT vs simulated ECT 5 16.3 5x 1075 
ECT vs drug placebo 3 71.9 1x 10718 
ECT vs tricyclics 6 25.5 4x 1077 
ECT vs MAOI 4 78.8 7x 10719 


a Favoring ECT. 
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ECT and imipramine (40, 61, 68), amitriptyline (45), phenelzine (40), chlor- 
promazine (4), and L-tryptophan (24). 

However, subsequent treatment with antidepressant drugs sustains im- 
provement better than sedative drugs (45) or no maintenance drugs (40, 61). 
The role of lithium is still unclear, but recent reviews are favorable (12, 31, 
60). 

While the risks of ECT are well defined, those of the antidepressant drugs 
have only recently achieved notoriety. For ECT, the principal risks are 
amnesia and an organic mental syndrome, which are frequently observed. 
But the incidence of these effects may be r2duced by such procedures as 
hyperoxygenation, unilateral nondominant placement of the electrodes, and ` 
minimal induction currents. Death, reportedly occurring in fewer than 4 in 
100,000 treatments, is a risk comparable to that of anesthesia alone. Other 
risks, such as fracture, induced fear and panic, spontaneous seizures, and 
death are hazards that can be prevented by the proper administration of the 
known treatment procedures. 

The risks of the alternate treatments are considerable, but are less well 
defined. The onset of antidepressant effects is often delayed, requiring 10 
-14 days for efficacy. The anticholinergic effects of the tricyclic antidepres- 
sants elicit dry mouth and difficulty in urination and in vision, particularly 
in older patients.. Cardiovascular complications, particularly the incidence 
of arrhythmia and hypotension, may be severe (10, 13, 16, 37, 43, 49). 
Hypotension may be so severe as to cause falls and fracture (43). The use 
of the MAOI is restricted by hypertensive crises, cardiovascular and hepatic 
toxicity, and their interactions with common foodstuffs, tricyclic drugs, and 
some drugs in medical practice (37). 

In comparisons of the safety of ECT and the antidepressant drugs, Avery 
& Winokur (7-9) make a strong case for ECT; they found a lower suicide 
and death rate in ECT-treated patients. This is confirmed by a large Italian 
study of ECT and imipramine (6) and a study that found ECT effective in 
reducing deaths by suicide in schizoaffective patients (66). 

This evidence of the clinical superiority of ECT over antidepressant drugs 
is compelling; yet in practice, ECT is reserved for those patients who fail 
to improve with antidepressant drugs, and for the more severely ill patients 
where a threat to life is clear. This attitude seems proper, since ECT requires 
greater skills and special facilities for its administration than do the an- 
tidepressant drugs. Therapists must have special knowledge of electrophysi- 
ology, anesthesia, electrode placements, anc the effects of electric currents. 
The treatment requires equipment for resuscitation, for the management of 
cardiopulmonary emergencies, and for EKG monitoring. It should gener- 
ally be given in a hospital or specialized treatment facility, and the cost of 
this special care must be calculated. For these reasons—complexity, risk, 
and expense—ECT is reserved for the severely ill. 
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Special Considerations 

In some clinical situations, however, the use of ECT is favored. Suicide 
threat, recent suicide attempt, severe inanition and cachexia, hyperpyrexia, 
and exhaustion compel the early use of ECT. This is particularly true in 
patients exhibiting exhaustion in mania and catatonia, where drug regimens 
may require heroic dosages and present difficulties in administration. 

Psychotic patients with severe medical illnesses, particularly those with 
renal, cardiac, or hepatic decompensation, or recent coronary occlusion, 
may be poor candidates for antidepressant drugs with cardiovascular or 
autonomic effects. While each seizure in ECT is a demanding experience, 
eliciting elevations in blood pressure, tachycardia, and arrhythmias, the 
complication rate is low, and even patients with recent myocardial infarc- 
tion and those with cardiac pacemakers have been successfully treated (1, 
14, 41, 69). ECT has been used successfully in patients with severe parkinso- 
nism (3, 5, 11, 17, 25, 51, 59, 71), in patients with severe diabetes (70), and 
in a patient with a shunt in place for normal pressure hydrocephalus (67). 
On balance, for patients with compromising medical conditions, ECT is 
often the safer and more secure antidepressant therapy. 

Pregnancy may complicate the treatment of the psychotic patient. Mania 
or catatonia during the first half of pregnancy may warrant the use of 
lithium, antidepressant, or antipsychotic drugs. These compounds cross the ` 
placental barrier and the risk of teratogenicity may be a sufficient reason to 
use ECT. ECT does not harm the fetus (15, 64) nor does it induce miscar- 
riage in patients near term (30, 63). 

Some severely depressed patients exhibit delusions of guilt, worthless- 
ness, or somatic concern. Such patients frequently have a poor, inadequate, 
or delayed response to tricyclic antidepressant drugs, even when plasma 
levels are monitored (23, 32, 38, 42). Some authors find that such patients 
respond well to ECT and suggest that the presence of somatic delusions in 
a patient with endogenous depression may be considered a primary indica- 
tion for ECT. Other authors, however, question the conclusion and suggest 
that delusional depressed patients will improve with combined antipsy- 
chotic and antidepressant drug therapy (44, 53, 54). 

Recent neuroendocrine studies of psychiatric patients have reported ab- | 
normal results in tests of thyroid, adrenal, and pituitary functions. Endoge- 
nously depressed patients are particularly likely to show elevations in 
plasma cortisol and the loss of its diurnal rhythmicity; failure of cortisol 
secretion to be suppressed by exogenous steroids (usually dexamethasone); 
blunted response of the usual elevation of growth hormone to hypo- 
glycemia, L-dopa, and TSH; and an obtunded response to TSH to a challenge 
dose of TRH. These tests are now being studied for their diagnostic value. 
Some recent authors report that cortisol levels and their response to dex- 
amethasone provide a prognostic test for selecting patients and for deter- 
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mining an end-point to a course of antidepressant therapy (2, 18, 20, 21, 
26, 34, 56). 

These studies, among others, also provide the basis for a neuroendocrine 
theory of the antidepressant action of convulsive therapy (28, 29). These 
views and the neurohumoral theories (33) provide the physician with ratio- 
nal explanations of the ECT process, which may be useful in understanding 
the efficacy in depression, catatonia, anorexia nervosa, and parkinsonism 
and in explaining its use to patients and their families. 


Conclusions 

Antidepressant drugs and ECT are both effective therapies of endogenous 
depression, and some antidepressant and anxiolytic drugs may influence 
aspects of neurotic depression favorably. While ECT is clearly more effec- 
tive than tricyclic antidepressants and monoamine oxidase inhibitors, the 
additional difficulty in administering ECT, the public image of its special 
hazards, and the ease of administering the drug therapies make their use 
generally preferred. There are special conditions, however, such as the 
severity of illness, the risk of death by inanition or suicide, and medical 
complications (including pregnancy) that lead the prudent physician to 
recommend ECT. 
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INTRODUCTION 


Several years have passed since an article (1) has appeared in the Annual 
Review of Medicine dealing with effects of the diet on brain serotonin 
formation. Since that.time considerably more information has accumulated 
. providing convincing evidence that the ingestion of single meals rapidly 
influences the formation of several brain transmitters, and, consequently, 
brain functions and disease states thought to be related to the release of 
these transmitters. In the short review that follows, I summarize the known 
interactions between dietary precursors and transmitter formation in brain, 
and the resulting effects of precursors and the diet on relevant brain func- 
tions and disease states. The interested reader is encouraged to seek other, 
more complete reviews of this work (e.g. 2, 3). 


SEROTONIN 


Serotonin (SHT) is formed in brain neurons from L-tryptophan (see Figure 
1). The rate of SHT synthesis is normally controlled by tryptophan avail- 
ability (1, 2), not by end-product inhibition (4). Tryptophan hydroxylase, 
which catalyzes the rate-limiting step, is unsaturated with substrate at 
normal brain tryptophan levels. Raising or lowering brain tryptophan al- 
ters the saturation of the enzyme, and thus the rate of the reaction 
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Figure 1 Precursor dependence of neurotransmitter synthesis in the mammalian brain. 
(Top) Tryptophan availability and serotonin synthesis. Tryptophan (TRP) is hydroxylated 

to 5-hydroxytryptophan (SHTP); SHTP is decarboxylated to serotonin (SHT). Monoamine 

oxidase initiates the catabolism of 5HT to 5-hydroxyindoleacetic acid (SHIAA). The asterisk 
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(5). Because of this relationship, any factor that modifies brain tryptophan 
could potentially influence SHT formation. One such factor is the rate at 
which tryptophan is taken up into the brain from the blood. The uptake 
process depends on the blood level of tryptophan: increasing or decreasing 
blood tryptophan rapidly raises or lowers brain tryptophan (6). However, 
tryptophan uptake also depends on the levels in blood of several other large 
neutral amino acids (LNAA: tyrosine, phenylalanine, leucine, isoleucine, 
and valine), which are known to compete with tryptophan for access to the 
uptake carrier (7, 8). Raising their levels in blood reduces brain tryptophan 
(9); the converse is also true. 

Hence, brain tryptophan levels (and SHT synthesis) can readily be in- 
fluenced by altering the blood levels of any one or more of the LNAA 
(which includes tryptophan) (see Figure 1). Over the past several years, we 
have shown that the ingestion of single meals, which readily alters blood 
LNAA levels, predictably influences rat brain tryptophan levels and SHT 
formation (see 1). Ingestion of a carbohydrate meal, for example, raises 
brain tryptophan and SHT; consumption of a protein-containing meal does 
not modify brain tryptophan or 5HT, even though blood tryptophan in- 
creases appreciably. These effects can be explained by the competitive up- 
take system for LNAA, given the changes induced in the blood levels of the 
LNAA by the meal. Carbohydrate ingestion causes insulin secretion and 
lowers blood levels of the aromatic and branched-chain amino acids, while 
not affecting and often increasing blood tryptophan. Tryptophan in blood 
thus gains a competitive advantage over the other LNAA, and its uptake 
into brain is enhanced. Protein ingestion, which causes both insulin secre- 
tion and the addition of new amino acid molecules to the blood, increases 
not only blood tryptophan but also the blood levels of the other LNAA (by 
an amount proportional to the rise in tryptophan). Tryptophan’s competi- 
tive standing vis à vis the other LNAA is thus not changed, and no rise in 


A 
indicates the rate-limiting step in SHT formation, TRP hydroxylation. TRP competes with 
other large neutral amino acids (LNAA) for uptake into brain. 

(Middle) Tyrosine availability and catecholamine synthesis. Tyrosine (TYR) is hydrox- 
ylated to dihydroxyphenylalanine (DOPA); DOPA is decarboxylated to dopamine (DA), 
which is then betahydroxylated to norepinephrine (NE). Betahydroxylation of DA does not 
occur in neurons using DA as their transmitter. Monoamine oxidase initiates the catabolism 
of NE to methoxyhydroxyphenylethyleneglycolsulfate (MOPEG-SO,), one of the principal 
NE metabolites in brain. The asterisk indicates the rate-limiting step in catecholamine forma- 
tion, TYR hydroxylation. TYR competes with other LNAA for uptake into brain. 

(Bottom) Choline availability and acetylcholine synthesis. Choline uptake into brain occurs 
via a mechanism that appears specific for choline. Choline is converted to acetylcholine (ACh) 
by cholineacetyltransferase (*); this step is rate-limiting, and precursor dependent. See text for 
further details. 
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‘brain tryptophan occurs despite the rise in blood tryptophan (10). For 
simplicity, we have summarized the changes in blood LNAA that accom- 
pany food ingestion as a serum tryptophan ratio (Figure 2). This ratio is 
tryptophan divided by the sum of the blood levels of the other LNAA 
‘[tryptophan/(tyrosine + phenylalanine + leucine + isoleucine + valine)], — 
< and accurately predicts brain tryptophan after food consumption: it in- 
creases with carbohydrate ingestion, and does not change after protein 
ingestion (10). Other studies, some utilizing amino acid defined diets, fur- 
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Figure 2. Hypothesized model to describe diet-induced changes in brain serotonin synthesis. 
The ratio of tryptophan to the sum of other large neutral amino acids [Tyrosine(T) + 
phenylalanine(P) + leucine(L) + isoleucine() + valine(V)] in blood is thought to control 
tryptophan uptake into brain and brain tryptophan cancentration. From (10). 
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ther support this general hypothesis, i.e. that brain tryptophan (and SHT) 
levels follow the serum tryptophan ratio (9). 

Since precursor- and diet-induced increases in brain tryptophan elevate 
brain serotonin synthesis and levels, it might be anticipated that such treat- 
ments would also enhance the amount of serotonin released from nerve 
terminals each time they depolarize. If so, then presumably brain functions 
and behaviors influenced by serotonin neurons might also be influenced. At 
present, no data are available on the effects of single meals that alter brain 
serotonin on such brain functions. However, a growing body of information 
is extant concerning effects of administered tryptophan. Behaviorally, for 
example, the administration of tryptophan to animals, either by injection 
or addition of the pure amino acid to the food supply, improves sleep (11), 
reduces locomotor activity (12), diminishes the response to acoustic startle 
(13) and to electroshock (14), suppresses male homosexual behavior (15), 
attenuates muricide behavior (16), and causes a long-term reduction in 
dietary protein intake (17). [Other researchers, however, find that trypto- 
phan in combination with fenfluramine diminishes calorie, not protein, 
intake acutely (18), or that tryptophan alone reduces meal size (19)]. In 
humans, tryptophan has been observed to act as a hypnotic (11) and as an 
antidepressant (20-22). Physiologically, tryptophan administration reduces 
blood pressure in hypertensive rats (23), an effect that can be blocked by 
prior injection of a serotonin antagonist (e.g. metergoline), or by coadminis- 
tration of another LNAA. This effect of tryptophan can also be enhanced 
by coadministration of a serotonin reuptake blocker (fluoxetine). We have 
also noted in rats that tryptophan injection stimulates significantly natural 
daily surges in serum growth hormone levels (24) (Figure 3). This latter 
effect is antagonized by coadministering another LNAA or a serotonin 
receptor antagonist, and is enhanced by coinjecting a serotonin reuptake 
blocker. In humans, tryptophan has a modest stimulatory effect on growth 
hormone secretion (25, 26). 

Each of these results is consistent with previous pharmacologic and other 
findings relating the particular brain function to the activity of serotonin 
neurons in brain. They suggest indeed that precursor-induced increases in 
brain serotonin level lead to increased amounts of transmitter impinging on 
postsynaptic receptors. Perhaps these results with tryptophan will soon lead 
to similar studies on the effects of short-term, diet-induced changes in brain 
serotonin on such brain functions and behaviors. 


CATECHOLAMINES 


Brain neurons synthesize catecholamines (norepinephrine, dopamine, and 
epinephrine) from tyrosine (see Figure 1). The rates of synthesis of the 
catecholamine transmitters do appear to be under end-product inhibition 
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Figure3 Plasma growth hormone profiles for rats around the onset of the daily dark period 

(1200 hr). Tryptophan (100 mg/kg) or its vehicle was injected at 0945; each rat received each 

treatment, in random order, with at least two days intervening between experiments. When 

animals rèceived vehicle (o—o-), typical growth hormone profiles occurred between 1015 and 

1345 hr: when animals received tryptophan («-—*) a 97% increase of mean growth hormone 

_ Jevels over vehicle values was observed. Data are expressed as the means + standard errors; 
n = 8. From (24). , 


(27), possibly mediated by some sort of neuronal feedback loop, or by direct 
interaction of transmitter with presynaptic receptors, once released from 
nerve terminals (28). Even so, it is possible to show that, under appropriate 
circumstances (e.g. when catecholamine neurons are firing rapidly), dopa- 
‘mine (DA) and norepinephrine (NE) formation and release are also directly 
influenced by substrate availability, since tyrosine hydroxylase is not fully 
saturated at normal brain tyrosine levels (29). Thus, tyrosine administration 
stimulates DA formation in animals pretreated with a DA receptor antago- 
nist (30) or reserpine (31), and NE formation in rats placed in the cold (32), 
or in otherwise untreated spontaneously hypertensive rats (33). Moreover, 
food ingestion will modify brain catecholamine synthesis, as a function of 
its effect on brain tyrosine, in rats placed in the cold [cold increases the brain 
turnover rate for norepinephrine, thus making the neurons sensitive to 
tyrosine (32)]. The ability. of the meal to have this effect depends on how 
its ingestion modifies the ratio in blood of tyrosine to the sum of the other 
LNAA; tyrosine is also an LNAA and thus must compete with the other 
LNAA for brain uptake [7,8]. In the case of tyrosine, both carbohydrate 
and protein meals raise the serum tyrosine ratio and brain tyrosine (8, 32). 

It is not known why catecholamine neurons must be firing more rapidly 
to become precursor dependent (i.e. to allow tyrosine administration to 
stimulate transmitter synthesis). The only available hypothesis argues that 
tyrosine hydroxylase somehow becomes activated, with the K,, for the 
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cofactor (tetrahydrobiopterin) decreasing greatly (34). As a result, with the 
cofactor more tightly bound to the enzyme, substrate replaces cofactor as 
the most limiting component of the reaction mixture, and the precursor 
effect becomes dominant. Whether or not this particular hypothesis will 
ultimately be validated is unknown; however, regardless of mechanism, it 
is clear that in particular animals (hypertensive rats), and under appropriate 
circumstances (see above), the dependence of NE and DA synthesis on 
tyrosine availability becomes robust. 

What then is the effect on brain function of a precursor-induced increase 
in catecholamine formation? There is a meager body of data in the literature 
concerning effects of tyrosine on brain function. This presumably reflects 
the heretofore generally held belief that only end-product inhibition is 
significant in controlling catecholamine synthesis. However, quite recently 
we and others have begun to look for effects of tyrosine on brain outputs 
that depend on a tyrosine-induced increment in the synthesis and release 
of either dopamine or NE. To date, the following observations have been 
made. 

1. The injection of tyrosine into spontaneously hypertensive (SH) rats 
causes a remarkable lowering of blood pressure (Figure 4) (33). This effect 
is blocked by concurrent administration of another LNAA, valine, which 
limits tyrosine access to brain; this suggests that the amino acid must gain 
access to brain to exert its antihypertensive effects. The tyrosine-induced fall 
in blood pressure is accompanied by an increase in MOPEG-SOQ, levels in 
the brainstem, but not elsewhere in the central nervous system. MOPEG- 
SO, is reportedly a good index of NE release (35). If so, then the tyrosine- 
induced increase in its levels may indicate an enhanced synthesis and release 
rate of NE in brainstem. This correlation is compatible with the general 
belief that stimulation of brainstem NE receptors by a variety of drugs (e.g. 
clonidine) lowers blood pressure (see 36). Further work is needed to eluci- 
date fully the mechanism by which tyrosine lowers blood pressure; however, 
the use of a naturally occurring compound in place of a drug to treat a 
serious disease is an appealing therapeutic possibility. 

2. The oral administration of tyrosine to at least one depressed patient 
in a double-blind cross-over study had a marked antidepressant effect (37). 
Perhaps this finding indicates that the subpopulation of patients suffering 
from organic depression due to inadequte NE release by brain neurons will 
respond to tyrosine, via a precursor-induced stimulation of NE synthesis 
and release. 

3. The injection of tyrosine into rats treated chronically with reserpine 
produces an acute reduction in serum prolactin levels, similar to that seen 
after L-dopa administration (31). The mechanism of this effect may involve 
tuberoinfundibular neurons that normally synthesize and release dopamine 
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Figure 4 Effect of valine on the antihypertensive action of tyrosine. Tyrosine (100 mg/kg; 
0.55 mmol/kg), valine (0.55 mmol/kg), tyrosine plus valine (0.55 mmol/kg of each) or vehicle . 
was administered to groups of four spontaneously hypertensive rats. Blood pressures were 
measured just before treatment and then at one-hour intervals afterwards. Data are expressed 
as the change in blood pressure from base line values {means + standard errors). Tyrosine 
injection caused a significant fall in blood pressure (P < 0.01); treatment with tyrosine plus 
valine produced a slight decrease in blood pressure (P < 0.05), but this effect was not as great 
as that produced by tyrosine alone. Valine injection hed no effect. From (27). 


into the pituitary portal circulation. This dopamine is believed to function 
at the pituitary level as a prolactin release-inhibiting factor (see 38). Reser- 
pine depletes the hypothalamus (and other sites) of dopamine and may 
indirectly elevate serum prolactin by causing the hypothalamus to release 
less dopamine, thereby removing this inhibitory influence on pituitary pro- 
lactin secretion. Reserpine also stimulates significantly the rate of catechola- 
` mine synthesis in brain (39). We suspect that this latter effect renders 
hypothalamic dopamine neurons responsive to injection of tyrosine; tyro- - 
sine has no effect on serum prolactin when injected into otherwise untreated 
rats (31). If this notion is true, then animals receiving other pharmacologic 
treatments that lead to enhanced dopamine synthesis and increased serum 
prolactin [e.g. the administration of a dopamine receptor antagonist (40)] 
may also respond to tyrosine injection by reducing their serum prolactin 
levels. Tyrosine may ultimately become a desirable adjunct to drugs such 
as reserpine or dopamine antagonists, if an association is ultimately proven 
to exist between high circulating prolactin levels and the incidence of breast 
carcinoma, as has been suggested (41). 
If the use of amino acids such as tyrosine end tryptophan to treat central 
nervous system disorders ultimately becomes fashionable, the physician 
must be aware that the consumption of food could drastically diminish the 
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efficacy of the treatment. That such could be the case is most clearly 
illustrated by studying the effect of diet on the antihypertensive potency of 
methyldopa (AMD) in SH rats. AMD is a large neutral amino acid analog 
that is transported into brain by the same competitive carrier system used 
by the natural LNAA (42). Consequently, it might be anticipated that 
increased blood levels of the LNAA, caused by any factor, would inhibit 
AMD uptake into brain. Such is indeed the case (42, 43). The most common 
natural inducer of an increase in blood LNAA levels is the ingestion of a 
protein-containing meal. Not surprisingly, therefore, the ingestion of pro- 
tein prior to AMD injection inhibits the drug’s access to brain (43). AMD 
must enter brain to lower blood pressure (36). Hence, it was predicted and 
later confirmed that the ingestion of a protein-containing meal would antag- 
onize the antihypertensive action of AMD. This occurs when SH rats 
consume single meals or when they ingest for long periods diets containing 
sizeable quantities of protein. As the dietary protein content is increased, 
the antihypertensive efficacy of AMD is diminished (Figure 5) (43). Dietary 
protein also reportedly antagonizes another LNAA used therapeutically to 
treat a disease of the brain; it antagonizes the antiparkinsonian actions of 
L-dopa (44). 

The implications are straightforward and apply regardless of the LNAA 
used. If a protein meal is consumed prior to amino acid aministration, the 
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Figure 5 Effect of acute methyldopa administration on blood pressure in spontaneously 
hypertensive rats consuming protein diets for several weeks. Groups of six hypertensive rats 
consumed a 12%, 22%, or 36% casein diet for 5 weeks. They then received methyldopa (25 
mg/kg), in the morning and blood pressures were measured at the indicated intervals thereaf- 
ter. By analysis of variance, dietary protein content significantly affected the antihypertensive 
potency of methyldopa (P < 0.05). Mean blood pressures at 0 hr were 208 + 3 mm Hg. From 
(43): 
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efficacy of the amino acid in modifying the brain function under study or 
treatment will be reduced. In animals or human subjects consuming chroni- 
cally high levels of protein in their diets, the amino acid will also be less 
efficacious than in subjects consuming modest (but adequate) amounts of 
dietary protein. This latter consideration is probably of greatest importance 
to Americans, who tend to select rather high levels of protein in their diets. 
To maximize efficacy, then, a physician prescribing a LNAA should thus 
advise his patient to consume the amino acid between meals, or with car- 
bohydrates (which would cause insulin secretion and lower tlood amino 
acid levels), and should probably also advise a general reducticn in dietary 
protein intake, if.the patient consumes substantial amounts daily. 

If large neutral amino acids are to be tested in humans for central nervous 
system effects, it is important to keep the above dietary considerations in 
mind. Overlooking the relationship of dietary protein content to LNAA 
efficacy may lead to negative results, where otherwise a positive effect might 
be obtained. 


ACETYLCHOLINE 


Acetylcholine (ACh) is synthesized in bran neurons from choline (see 
Figure 1). The single enzyme involved in this pathway, choline acetyl- 
transferase, appears to be unsaturated with substrate at normal brain cho- 
line concentrations. Raising or lowering brain choline accordingly leads to 
increases or decreases in ACh formation (e g. 45, 46). 

Brain choline levels respond readily to changes in blood choline. Choline 
in blood appears to derive principally from two sources, dietary intake and 
hepatic synthesis. 

The relationship of dietary choline to train choline levels and ACh 
synthesis is relatively simple. When the choline content of a meal is sizeable, 
blood choline levels rise following its ingestion. A large increment in blood 
choline level rapidly raises brain choline concentrations, which stimulates 
ACh synthesis (see Figure 1). Similarly, if choline is deleted from the diet, 
blood and brain choline fall and brain ACh levels decline (46). 

The initial work showing that the ingestion of choline influences brain 
ACh formation involved administering the compound as the chloride salt 
in the food or by gavage (46). However, choline is normally present in. the 
diet as a constituent of phosphatidylcholine (a lecithin). Hence, it was 
important to determine if the ingestion of paosphatidylcholine would also 
raise blood and brain choline levels and stimulate ACh formation. It did 
(47). 

My MIT colleague, Dr. Richard Wurtman, and his associates have pio- 
neered the work on the relationship of choline availability to acetylcholine 
synthesis (45-47). Together with Dr. John Growdon, as well as other 
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investigators, they have also provided the impetus for investigating the 
clinical utility of choline and lecithin in the treatment of diseases involving 
cholinergic dysfunction (see 3). For example, major studies have shown the 
efficacy of both oral choline chloride and lecithin in treating tardive dys- 
kinesia (see 3 for review). New clinical uses for lecithin are currently under ` 
investigation. Perhaps it will be found to be useful in treating memory loss 
or myasthenia gravis, diseases which respond to drug treatments that in- 
crease ACh release. i 

In contemplating the use of lecithin, one should be aware that most 
commercially available lecithin preparations contain little choline; they are 
mostly neutral lipid, not phosphatidylcholine. Hence, commercial prepara- 
tions of “pure” lecithin provide negligible amounts of choline, and thus do 
not stimulate ACh formation or improve disease states involving reduced 
ACh release. When lecithin has been administered to improve such disease 
states, it has been given as highly purified phosphatidylcholine. Such prepa- 
rations should soon become more widely available. 


SUMMARY 


The rates of synthesis of serotonin, acetylcholine, and, under certain cir- 
cumstances, dopamine and norepinephrine by brain neurons depend consid- 
erably on the availability to brain of the respective dietary precursors. This 
precursor dependence seems to be related to the fact that the enzyme 
catalyzing the rate-limiting step in the synthetic pathway for each transmit- 
ter is unsaturated with substrate at normal brain concentrations. Moreover, 
brain levels of the individual precursors rise following oral or parenteral 
administration of the pure compound or the ingestion of certain foods. 
Precursor-induced increases in brain transmitter formation seem to influ- 
ence a variety of brain functions and behaviors, which suggests that trans- 
mitter release has been enhanced. It now appears that these precursors may 
become useful as therapeutic agents for the treatment of selected disease 
states, wherein the disease is related to reduced release of transmitter. 
Examples are Parkinson’s disease (tyrosine), myasthenia gravis (choline or 
phosphatidylcholine), depression (tyrosine), and possibly abnormal appetite 
(tryptophan). 

Perhaps the future will bring the identification of still other neurotrans- 
mitters, whose rates of synthesis depend on precursor availability. Two 
potential candidates for which some information is already available are 
glycine (a spinal cord transmitter) and the prostaglandins (some of which 
may function as neuromodulators or transmitters) (48, 49). Each time a new 
precursor-product relationship is described, an opportunity becomes avail- 
able for determining whether the precursor might be useful in treating 
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disease states related to reduced transmitter release by neurons. The oppor- 

tunities are worth exploring, since the use of a natural dietary constituent, 

even in purified form, is likely to produce fewer unwanted side-effects than 
are seen following administration of synthetic drugs. 
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The recent decline in the death rate for coronary heart disease has been the 
subject of special interest to epidemiologists for the past six years. In the 
context of its previous epidemic rise and the long-term decline for other 
‘cardiovascular diseases, especially stroke, speculation about causes of this 
dramatic turnaround has stirred interest in the possible impact of medical 
advances, preventive measures, and lifestyle changes. 


MORTALITY TRENDS 


The cardiovascular diseases account for almost 980,000 deaths in the 
United States each year, one of every two deaths. About 640,000 of these 
deaths are from coronary heart disease and 180,000 from the cerebrovascu- 
lar diseases (1). Most of these deaths result from the atherosclerotic process, 
with hyperfension as a potent contributing factor. Both atherosclerosis and 
hypertension often begin early in life, however, so that over 200,000 cardio- 
vascular deaths occur before 65 years of age. Up until the 1960s the number 
one cause of death even among persons as young as 25-44 years of age was 
heart disease, primarily coronary heart disease. Heart disease is now only 
the third leading cause of death in that age group, which suggests that an 
important beneficial change has taken place since the 1960s in the mortality 
trend of this disease. That is indeed the case (Figure 1). 
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Figure 1 Trends in cardiovascular and noncardiovascular disease: decline by age-adjusted 
death rates, 1968-1978. 


The trend in the number of cardiovascular deaths since 1900 has been 
upwards primarily because the nation’s population of older persons in- 
creased, infectious and parasitic diseases came under more control, and the 
incidence of fatal heart attacks increased at an epidemic rate. When ad- 
justed for the effect of aging of the population, however, rates for the 
cerebrovascular and hypertensive diseases and for all cardiovascular dis- 
eases combined have been declining since at least 1940 (2). The decline in 
recent years compared to earlier years is unusual in several respects. The 
death rate for coronary heart disease leveled aff in the 1960s and then turned 
downwards an impressive 21% between 1958 and 1976 (1). Preliminary 
data from the National Center for Health Statistics (NCHS) show that the 
decline now exceeds 25% over the past ten years. Secondly, the decline in 
the death rate for all cardiovascular diseases combined is sharply steeper 
in recent years, a decline of 2.7% per year so Zar during the 1970s compared 
to 0.9% per year in the 1950s and 1960s. Fcrty-two percent of the decline 
since 1950 was achieved in just the five years since 1972. For the cerebrovas- 
cular diseases, i.e. stroke, the decline exceeds 5% per year since 1972. 
Thirdly, for the first time all age, race, and sex groups experienced remark- 
ably similar trends for each of the cardiovascular diseases. Declines are not 
only uniform across these demographic groups, according to the Division 
of Analysis of the NCHS, they are also fairly uniform for virtually all 
geographic areas in the nation. There are some slight but important demo- 
graphic differentials in these recent trends, however. Younger adults and 
black women are experiencing the steepest coronary declines and rates of 
decline are greater among older women than among older men. The decline 
may have begun sooner in certain areas of the country especially among 
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white women. There is a suggestion that life insurance policyholders, proba- 
bly a higher socioeconomic group than the general population, have even 
steeper declines (3). For cerebrovascular and hypertensive diseases there are 
virtually no age or sex differences in steepness of the decline, but declines 
are steepest for blacks. 

Mortality declines are uniformly great for each major cardiovascular 
disease, with the steepest declines seen for the hypertensive and cerebrovas- 
cular diseases. But, with the exception of cancer and the chronic obstructive 
pulmonary diseases, rates for other natural causes of death are also declin- . 
ing significantly. The importance and uniqueness of declines for the cardio- 
vascular diseases lies in the following facts. These diseases account for half 
of all deaths, so their decline contributes appreciably to the number of 
deaths that are delayed until later in life and to the consequent improvement 
in life expectancy observed in recent years. Secondly, these declines coincide 
with beneficial changes in cardiovascular risk factor levels, increased efforts 
in primary and secondary prevention, and expansion of treatment efforts. 
Thirdly, the decline for coronary disease reverses the earlier epidemic rise. 
Fourthly, the coronary decline in the United States exceeds declines seen 
in other countries, many of which are still experiencing an increasing rate 
(4,5). 

Given these declining trends, especially the turnaround in the coronary 
death rate, have there been concomitant improvements in prevalence, inci- 
dence, case-fatality, severity, or survivorship? Is the coronary mortality 
decline greater for sudden, out-of-hospital deaths? Unfortunately, clear 
answers to these questions have not emerged. Unpublished data from the 
Division of Analysis show no definitive trend in prevalence for any cardio- 
vascular disease between health interview surveys in 1972 and 1978. In a 
Mayo Clinic study the incidence of strokes had been declining since the 
1940s at a rate that averaged 3.1 per 100,000 people per year and now 
(1971-1974) it is declining about 5.3 per 100,000 per year (6). In the 
Framingham Heart Study the incidence of strokes declined among middle- 
aged women but not among men (7). The trend in the incidence of coronary 
attacks is downwards in the Kaiser-Permanente medical care system but no 
change is observed among Mayo Clinic patients or among subjects in Fra- 
mingham (7-9). In-hospital case-fatality rates for acute myocardial infarc- 
tion, available from NCHS, are declining as are lengths of stay. But there 
is no assurance that these changes are real; they may be due to changes in 
criteria for admission. Inadequate information exists about any recent 
changes in survivorship and severity or about trends in sudden compared 
to nonsudden coronary deaths. 

Thus there are no adequate statistics to ascertain whether the cardiovas- 
cular mortality declines reflect a reduction in the frequency of cases (initial 
or subsequent) or that life expectancy after an attack has improved. Yet, 
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one or both improvements have probably taken place because the consensus 
of opinion is that the recent steep declines are real and not a result of 
artifacts in the statistics (10-14). Evidence tnat incidence or severity de- 
clined would suggest that preventive measures or lifestyle changes have 
contributed to the mortality decline. Evidence that life expectancy follow- 
ing attacks increased would suggest that the “explanations” lie in the area 
of improved medical care. In the absence of such evidence one can only 
speculate about causes by comparing the timing, extent, and demographic 
‘patterns of these mortality trends with the timing, extent, and patterns of 
trends in risk factors, lifestyle habits, and medical care. 


EXPLANATIONS OF THE DECLINE 


Probably the first indication in the literature that the national death rate for 
coronary heart disease was declining rather than rising appeared in 1974 
(15). Ever since that article investigators have noted that the decline coin- 
cided with beneficial changes in lifestyle and coronary risk factors (7, 11- 
18). But, inconsistencies remain. Between 1965 and 1978 the proportion of 
cigarette smoking decreased 35% among men and 10% among women (19). 
But the proportion of heavy smokers did not decline and declines for 
women are small whereas their coronary death rate declined faster than for 
men. Also, coronary mortality declines occurred at older ages where coro- 
nary risk appears unrelated to smoking. 

During the 1960s and the early 1970s, prevalence of high serum choles- 
terol (> 360 mg) declined 12.5% among men and 22.5% among women 
(19). But, declines at most levels of cholesterol were modest and were 
generally not statistically significant. Between 1963 and 1977 per capita 
consumption of milk, butter, eggs, and animal fats and oils declined 23%, 
36%, 15%, and 49% respectively (20, 21). Bul, meat consumption and total 
fat content increased. Between approximately 1960 and 1974, the propor- 
tion of overweight persons (20% over desirable weight) declined 3.4% for 
men and 5.2% for women (22). But, actua_ average weights of men in- 
creased during that time. While it cannot be demonstrated that the preva- 
lence of hypertension declined, in recert years the proportion of 
hypertensive persons who are aware of their condition increased by perhaps 
40% and the proportion on treatment almost doubled (23). These changes 
can be attributed in large part to the National High Blood Pressure Educa- 
tion Program of the National Heart, Lung, and Blood Institute (17). But, 
it is not clear why prevalence has not declined in the face of long-term use 
of antihypertensive medication. Moreover, use of those medications began 
during the rise in the coronary death rate, and the decline in the stroke 
death rate began before their use. Finally, and without being able to quan- 
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tify the trend, the jogging and physical activity fad has undoubtedly in- 
creased since the 1960s. But most of the big increase was relatively recent, 
after the presumed start of the coronary death rate decline. 

Most of these national trends are also observed in the Framingham Heart 
Study, which since 1948 has had a representative cohort of the general 
population of Framingham, Massachusetts, under close surveillance for 
development of cardiovascular diseases. During that entire time the study 
has had uniform case ascertainment, risk factor measurement, and criteria 
for disease end points, all under the same senior investigators. This provides 
the basis for an examination of some of the time trends in risk factors and 
cardiovascular morbidity and mortality (7). Consistent with national trends 
for smoking there has been a marked fall in the proportion of men who 
smoked. Smoking has actually increased among women. Serum cholesterol 
levels declined among women but less so among men. Women’s weights 
have fallen sharply and men have gained weight. The prevalence of hyper- 
tension declined for women but not for men, which is consistent with the 
increased rise of antihypertensive treatment among women more than 
among men. The prevalence of ECG evidence of left ventricular hypertro- 
phy, a powerful and ominous correlate of hypertension, has been decreas- 
ing. Most of these changes in Framingham are consistent with a downward 
trend in cardiovascular disease mortality observed in the study and with a 
decline in incidence of strokes among women. But, the incidence of strokes 
in Framingham has not declined among men and the incidence of heart 
attacks among both men and women has apparently not changed. 

While trends observed in coronary risk factors are not perfectly consis- 
tent with trends observed in coronary mortality, many investigators are of 
the opinion that as a means of primary prevention, risk factor modification 
has taken place and has likely contributed to the recent change in the 
coronary death rate (11-18, 24). Much of this opinion, which was expressed 
at the Conference on the Decline in Coronary Heart Disease Mortality held 
in November, 1978, and sponsored by the National Heart, Lung, and Blood 
Institute, follows from evidence about risk factors observed in the Institute’s 
Framingham Study. Each 10 mm Hg decrement in blood pressure is accom- 
panied by a 30% corresponding change in the incidence of cardiovascular 
disease (7). A 10% change in serum cholesterol is associated with a similar 
30% difference in coronary incidence. Those who give up the cigarette habit 
have been found to have only half the coronary mortality of those who 
continue to smoke. A 10% increase in weight may result in a 30% increase 
in coronary incidence in men, largely as a result of a worsening in blood 
lipids and blood pressure. For women, a 10% reduction in weight could 
result in a 20% reduction in incidence of this disease. It is thus possible that 
even modest changes in multiple risk factors could be responsible for a 
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substantial decline in coronary death rates. Of these factors the evidence 
that hypertension control has contributed to the decline in mortality is 
especially strong for several reasons: (a) because high blood pressure is one 
of the major risk factors for both coronary disease and stroke; (b) because 
hypertensive-related death rates have been on the longest and now the 
steepest decline; (c) because declines are seen in stroke incidence especially 
for women, the demographic group showing the most improvement in 
hypertension awareness and treatment; (d) because such awareness and 
treatment increased dramatically during the recent acceleration of the mor- 
tality declines; and (e) because a recent community-based trial of the effec- 
tiveness of an antihypertensive treatment program demonstrated superior 
mortality reductions among treated hypertensives compared to controls 
(25). Even though hypertension control appears to be the strongest explana- 
tion for the decline in cardiovascular disease mortality, our ability to at- 
tribute some or all of the decline to risk factor modification may be more 
“guilt by association” than a causative explenation. 

It is also plausible to associate the coronary decline with the proliferation 
of coronary care units (CCU), cardiac surgery, and cardiopulmonary resus- 
citation (CPR) training, with the introduction of Medicare and Medicaid, 
and with other improvements in medical care. The first CCU was in opera- 

_ tion in 1963 and now most coronary patients are treated in them. Although 
evidence of their benefits is not perfectly conclusive, it does suggest that . 
these units have reduced in-hospital case-fatality rates by about one third 
(13). The overall impact of these units on the coronary decline must be 
small, however, since fully two thirds of all coronary deaths occur prior to 
care in a hospital (13). The major recent inncvation in cardiac surgery, the 
coronary by-pass operation, also is thought to have contributed to the 
decline (24). However, its impact must be small and does not explain the 
decline observed. Recent expansion in emergency medical care and CPR 
have undoubtedly saved lives in selected areas of the country, but these, too, 
probably had a small impact on the nationwide coronary death rate decline. 
Improvements in general medical care and access to it have certainly been 
made, especially since the inception of Medicare and Medicaid. Taken 
together, all of these changes are thought to have contributed to the turn- 
around in the coronary mortality trend and the increased steepness of the 
declining stroke trend. However, the extent of that contribution cannot be 
properly estimated from available information (13, 14, 24). 


IMPLICATIONS OF THE DECLINE 


Although causes of the cardiovascular mortality decline remain speculative, 
these declines are real, substantial, and sustained; they are greater in this 
country than elsewhere; they accelerated during the past decade of in- 
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creased efforts towards “healthier” lifestyles; they are observed among all 
demographic groups; and they are accompanied by declines in noncardi- 
ovascular diseases. These patterns suggest that risk factor and lifestyle 
influences have had a greater impact than specific effects of medical inter- 
vention. Although estimates of the relative contributions of these changes 
require information on the incidence of coronary and stroke attacks and 
survivorship estimates, the risk factor and lifestyle influences taken as a 
whole could account for most of the cardiovascular decline. From the 
observed coincidental changes in the level of risk factors associated with the 
decline, it is possible to estimate the size of the deline that could result using 
the Framingham multiple logistic (13). In middle-aged men, at least, the 
combined impact that could result from the joint reduction in cardiovascu- 
lar risk factors observed could have produced the amount of decline that 
has occurred. This assumes, however, that reducing risk factors bestows the 
same. benefit as their having always been at the lower level. 


Whatever the explanation for the decline in cardiovascular mortality, one 
hopes that it will continue. That it will continue is a distinct possibility 
because many industrialized countries now have considerably lower rates. 
If the current decline is indeed due to changes in lifestyle, evidently these 
have not been too drastic to be unacceptable to the American public, and 
small changes appear to pay large dividends. 
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INTRODUCTION 


For 20 years external sternal compression has been used to create artificial 
circulation in patients following cardiac arrest (15), and the mechanism for 
the resulting movement of blood to the brain was thought to be understood. 
The arrested heart was viewed as a rubber ball filled with fluid with one-way 
valves at its entrance and exit. The heart is situated between the sternum 
and the vertebral column, thus external chest compression moves the ster- 
num and was thought to compress the heart against the vertebral col- 
umn. Such compression, like internal cardiac massage, moved blood from 
the left ventricle into the aorta as the aortic valve opened. Retrograde flow 
was prevented by mitral valve closure. Following the period of compression 
the left ventricle filled with blood when the mitral valve opened. 

This widely held concept appeared inconsistent with a number of obser- 
vations in animal models (21) and man (17), but no alternative mechanisms 
for the movement of blood were suggested. In the dog arterial and venous 
pressures during chest compression were similar if not identical (21). In 
fact, the high intrathoracic venous pressure was considered by some (17, 21) 
to point to an important injurious effect of “external massage.” It was 
assumed that the very high intrathoracic venous pressures were transmitted 
peripherally to the brain and caused brain injury. 

Only recently did it become clear that other mechanisms beside cardiac 
compression operate during chest compression. These new suggestions (20) 
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are in part based on confirmation and extension of the earlier observations 
of the similarity of all intrathoracic vascular pressures during sternal com- 
pression. 

An important stimulus to us in our studies was the work of Dr. J. Michael 
Criley and associates (8) dealing with “cough CPR.” They demonstrated 
that by continuous coughing, an arrested patient could maintain himself in 
the conscious state as long as cough was. continued. One ingredient in the 
cough is clearly a rise in intrathoracic presstre. If this is the active factor 
in moving blood during cough, then it is a potent mechanism for the 
movement of blood to the brain. 


ANIMAL STUDIES 


In extensive hemodynamic studies (20) in large (20-40 kg) dogs we found 
that during chest compression following cardiac arrest there is essentially 
an equal rise in central venous, right atrial, pulmonary artery, and aortic 
pressures. Diastolic pressures were also similar but slightly higher in the 
aorta than in the right atrium. These pressures in intrathoracic vascular 
structures were nearly equal to general intrathoracic pressure as indexed by 
esophageal pressure. It was also clear that forward carotid flow occurred 
only during chest compression. 

We were seeking to identify the pump within the chest responsible for 
moving blood through the circulatory system against the peripheral vascu- 
lar resistance, but we could not find one. In any fluid-filled system with an 
appreciable resistance to flow (such as that present in the peripheral vascu- 
lar bed), there must be a pressure gradient across the resistance to allow the 
fluid to flow through it. If there is a pump responsible for the generation 
of this pressure gradient across the resistance, there must be a pressure 
gradient across the pump itself. Of course, normally when the heart is acting 
as a pump there is a subsiantial pressure gradient between the aorta and the 
central veins. The lack of such a pressure gradient across the heart during 
chest compression eliminates the heart or compression of the heart as the 
sought-for pump. 

Hence we tried to identify the mechanism for the generation of the 
peripheral arterial-venous pressure gradient that must be present across the 
resistance bed if there is to be forward flow of blood during cardiopulmo- 
nary resuscitation. By measuring peripheral pressures in the extrathoracic 
carotid artery and the extrathoracic jugular vein, we confirmed that there 
was a pressure gradient across this resistance bed. As seen in Figure 1 intra- 
thoracic arterial pressure in the aorta was traasmitted relatively completely 
into the extrathoracic arterial bed; the intrathoracic venous pressure was 
not transmitted into the extrathoracic bed. This differential transmission of 
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Figure] Representative pressures recorded during conventional CPR with forward carotid 
flow. Pressures are those recorded during compression. Intrathoracic pressures were indexed 
from esophageal pressures. There is no significant pressure gradient across the heart. The 
extrathoracic arterial pressure is similar to the intrathoracic aortic pressure. The extrathoracic 
venous pressure is markedly lower than the intrathoracic venous (right atrial) pressure. There 
is an extrathoracic arterial-venous pressure gradient that results in forward flow. 


the intrathoracic vascular pressure generated the extrathoracic arterial- 
venous pressure gradient required for forward flow. 


Peripheral Arterial-Venous Pressure Gradient 


At least three general mechanisms are now thought to contribute to the 
generation of the extrathoracic arterial-venous pressure gradient observed 
during conventional CPR in the dog. These factors are (a) various venous 
valving mechanisms are operating, (b) peripheral venous capacitance is 
greater than arterial capacitance, and (c) arterial resistance to collapse is 
greater than venous resistance. 

The most easily understood of these mechanisms is that of a valving 
mechanism. Veins at the thoracic inlet and other veins leading from the 
brain appear to have anatomic valves that prevent retrograde flow of blood 
during increases in intrathoracic pressures (9, 10, 16, 18). The valves along 
the extrathoracic veins, and the one at the thoracic inlet appear to be 
important. ‘ 

The second factor contributing to the generation of the peripheral arteri- 
al-venous pressure gradient is that venous capacitance is greater than ar- 
terial. Clearly, if the same amount of blood were to move from the 
intrathoracic arterial and from the intrathoracic venous systems into the 
extrathoracic arterial and venous systems, arterial pressure would rise more 
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than venous pressure because of the differences in extrathoracic arterial and 
venous capacitance. 

The third contributor to the peripheral arterial-venous pressure gradient 
is the difference in arterial and venous resistance to collapse. Venous struc- 
tures readily collapse when inside pressures fall below surrounding pres- 
sures by even a small amount. Recently we sowed that the in vivo carotid 
artery at the thoracic inlet exhibits considerable intrinsic resistance to col- 
lapse. This resistance to collapse-can be increased in the presence of vaso- 
constrictor agents (23). Resistance to collapse of the arterial vessels would . 
allow blood flow to continue toward the brain despite surrounding intra- 
thoracic pressures which exceed intravascular pressures. The veins would 
readily collapse at the exit to the high pressure region, i.e. at the thoracic 
inlet (1, 13). 

Blood returns from the periphery to the central circulation between 
compression cycles. Extrathoracic venous pressure rises (20) when blood 
flows from arteries to veins during compression. Between compressions 
intrathoracic pressure falls to near atmospheric, and an extrathoracic-to- 
intrathoracic venous pressure gradient appears, which leads to flow into the 
chest. Right heart and pulmonary blood flow :s also diastolic, at least in part 
(7). With conventional CPR, right heart compression may be a component 
of the mechanism for pulmonary flow. 


Movement of Blood Through Direct Cardiac Compression 


As indicated previously, if direct compressior. of the heart is the mechanism 
for forward movement of blood during chest compression, an arterial- 
venous pressure gradient across the heart must be produced during chest 
compression. The heart itself might serve as a pump without an arterial- 
venous pressure gradient across the heart if there was a marked phase 
difference between high arterial and high venous pressures. But in our dog 
studies there was neither a systolic’ pressure gradient across the heart nor 
a marked phase difference in the rise and fall of arterial and right atrial 
pressures. 

In several of over 200 dogs we studied, a marked intrathoracic arterial- 
venous pressure gradient did exist in which aortic pressure was much higher 
than right atrial pressure with chest compression. The arterial pressure in 
these dogs exceeded 100 mm Hg during chest compression, which. is far 
higher than usual for large dogs during conventional CPR. Thus, compres- 
sion of the heart through sternal compression of even animals with a chest 
structure such as the dog can result in direct cardiac compression. In the 
absence of an intrathoracic arterial-venous pressure gradient, even if the 
heart is physically compressed, cardiac compression is not necessarily re- 
sponsible for the peripheral or systemic biood flow (see Figure 1). The 
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factors responsible for forward flow are those factors generating the periph- 
eral arterial-venous gradient. If cardiac compression and a rise in intra- 
thoracic pressure both occur, the effects will likely be additive. 

Radionuclide angiographic studies charting the flow of blood through the 
chest (7) and angiograms performed during conventional CPR (18) support 
the early observations with regard to mechanism. The initial flow of blood 
following the rise in intrathoracic pressure is from the aorta, which partially 
collapses as blood is sucked toward the periphery from the aorta itself. 
Next, the valve structures of the heart open and blood moves from the lung 
and left atrium through the left ventricle into the aorta. There is little 
change in overall left ventricular size. This latter angiographic observation 
(18) strongly supports the notion that the heart is not compressed in the 
dog. 

Therefore, during CPR the blood apparently circulates because the in- 
creased intrathoracic pressure is transmitted equally or nearly equally to all . 
intrathoracic vascular structures. These intravascular pressures are un- 
equally transmitted into the extrathoracic arterial and venous beds, which 
creates an extrathoracic arterial-venous pressure gradient and forward 
blood flow during the period of high thoracic pressure. During diastole 
(release of chest compression), blood flows into the lungs as a result of the 
extrathoracic venous-to-intrapulmonary pressure gradient. Compression of 
the right ventricle during chest compression may aid in pulmonary flow. 
Overall then, the blood moves to and from the lungs by virtue of the changes 
in intrathoracic pressure. The heart serves only as a conduit for the passive 
movement and conduct of blood to and from the lungs. The valves of the 
heart are not of major significance with regard to extrathoracic blood flow. 
The mitral and the aortic valves must be open during systole, and the tri- 
cuspid and pulmonary valves must be open during diastole. During systole 
the tricuspid and pulmonary valves may close (although there are no data 
in this regard) and may serve as ancillary valves in an additive fashion to 
the multiple venous valves in preventing retrograde flow. Our own suspicion 
is that the tricuspid valve, because of its large size and structure, is likely 
incompetent. Diastolic closure of the aortic valve may be critically impor- 
tant in maintaining coronary blood flow. 


STUDIES IN MAN 


Movement of Blood 

We cannot yet draw any final conclusions as to the frequency or importance 
in man of the two mechanisms (chest compression or generalized increase 
in intrathoracic pressure) with conventional CPR. 
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In a number of patients we demonstrated £20) the presence of a pressure 
gradient at the thoracic inlet upon withdrawing intravascular catheters 
from the superior vena cava to the extrathoracic internal jugular vein. Since 
this pressure gradient does exist in man and since valves at this site can be 
‘demonstrated rather easily in man during cough (9), this newly identified 
mechanism for forward movement of blood is certainly operative. On the 
other hand some patients have readily measureable high arterial pressure 
with conventional CPR, pressures higher than those usually generated in 
man during conventional CPR and also higher than those in most dogs. It 
is our impression that most patients who have low radial artery pressure 
during CPR are probably able to move blood through a mechanism related 
solely to the rise in intrathoracic pressure. 

It is not essential in the human to think about these mechanisms in an 
exclusive fashion. Direct cardiac compressioa is useful when possible; when 
it is not potent enough to maintain cerebral perfusion, manipulation of 
intrathoracic pressures would likely have a favorable additive effect on 
carotid blood flow (5). 

It must be emphasized that, where effective, direct cardiac compression 
has one particularly attractive feature. With direct cardiac compression it 
is likely that the aortic diastolic pressure will be significantly higher than 
when blood is moved solely through manipulation of intrathoracic pressure. 
In terms of coronary perfusion, this would clearly be a useful feature. 


IMPROVEMENT OF CPR 


We have explored two basic strategies for improving peripheral perfusion 
during CPR. Both depend on the general principle of moving blood by 
raising intrathoracic pressure. The first strategy is to increase intrathoracic 
pressure per se. Increasing intrathoracic pressure through clamping of the 
endotracheal tube, while continuing chest compression augmented carotid 
blood flow in a manner paralleling the increase in intrathoracic vascular 
pressures (20). During these experiments in the dog it soon became apparent 
that one of the limitations of such manipulation of intrathoracic pressure 
was the occurrence of carotid arterial collapse. Carotid arterial collapse will 
occur when the intraarterial pressure falls below the sum of the extraarterial 
pressure (intrathoracic pressure) and the resistance of the artery to collapse. 
When carotid collapse occurs there can, in fact, be a reduction in flow 
through the increase in intrathoracic pressure. 

With merely clamping the airway, there is a marked initial increase in 
extrathoracic carotid pressure and flow with the first chest compression. 
These benefits dissipate rapidly with subsequent compression cycles, un- 
doubtedly because venous return is inhibited by the continuously high 
intrathoracic pressure following clamping of the airway. To take advantage 
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of this mechanism for increase in blood flow without inhibiting venous 
return, the technique of high airway pressure ventilation synchronous with 
chest compression was developed. Such techniques were shown previously 
to improve hemodynamics and animal survival (22), but the mechanism was 
unclear and the results doubted (12, 14). 

The second approach to augmenting blood flow during cardiopulmonary 
resuscitation is related to abdominal binding. Some years ago abdominal 
binding was proven useful in improving the hemodynamics of cardiopulmo- 
nary resuscitation (19). One large study in dogs reported significant benefits 
in survival and hemodynamics without any significant untoward complica- 
tions. In contrast, another study seemed to show a higher incidence of liver 
rupture resulting from abdominal binding (11). 

In the dog we were able to show significant augmentation of carotid blood 
flow through abdominal binding. Abdominal binding likely improves caro- 
tid blood flow for a number of reasons. First, with conventional CPR 
abdominal binding alone increases esophageal pressure and vascular pres- 
sures during chest compression, which may reflect a greater rise in intra- 
thoracic pressure. Secondly, abdominal binding may direct blood flow away 
from organs below the diaphragm. Thirdly, abdominal binding increases 
the circulating blood volume (20). 


SYNCHRONOUS VENTILATION AND CHEST 
COMPRESSION 


Using carotid blood flow measured with a cannulating flow probe as the sole 
end-point for assessing efficacy, we compared conventional CPR (chest 
compression alone at a rate of 60/min with ventilation interposed after 
every fifth compression) with a new approach. This new approach includes 
high airway pressure ventilation synchronous with chest compression at 
variable rates. Venous return is allowed to occur by interrupting both 
ventilation and compression between each ventilation-compression cycle 
(diastole). Synchronous ventilation and chest compression alone approxi- 
mately doubles carotid flow (3). There is an additive beneficial effect from 
abdominal binding and also from volume loading. It should be noted that 
in some dogs synchronous ventilation and compression provides a lower 
carotid blood flow than conventional CPR. In these animals the carotid 
artery collapses. Carotid collapse can be prevented or reversed in most dogs 
by abdominal binding, which likely increases the circulating blood volume. 
In addition, we have most recently found that negative diastolic airway 
pressure will reverse carotid collapse in some dogs (2), probably because 
pulmonary blood flow increases when the negative diastolic airway pressure 
supplies more blood for subsequent circulation. 
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We have applied abdominal binding (6) and ventilation at high airway 
pressures synchronous with chest compression (4) for brief periods to a 
small number of patients. Although the results of these studies are encour- 
aging, such factors as adequacy of ventilation and the benefits or complica- 
tions of these procedures remain to be explored. 
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INTRODUCTION 


The most common symptoms associated with reflux esophagitis are heart- 
burn and regurgitation. Heartburn is usually described as a substernal or 
retrosternal burning pain or discomfort with a moving quality from the 
xyphoid area up toward the suprasternal notch. The pain may radiate up 
toward the neck and jaw as well as down into the epigastric area. Rarely, 
the pain may radiate into the arms and simulate the pain of cardiac origin 
(1). Heartburn is frequently associated with regurgitation of sour or bitter 
fluid. These symptoms are exacerbated by meals or postural changes, usu- 
ally made worse when the patient is recumbent or tenses his abdominal 
muscles as in lifting. Most patients (84%) experience symptoms of reflux 
for more than one year. before seeking medical attention (2). 
Intermittent dysphagia occurs frequently with the first swallows of every 
meal. The symptom is often reported by patients with severe reflux eso- 
phagitis. They do not often have mechanical obstruction to the passage of 
food. Usually the dysphagia will be mild and nonprogressive with no asso- 
-ciated weight loss. This is the result of a motility disturbance within the 
body of the esophagus induced by reflux of gastroduodenal contents (3) and 
occurs most frequently with the first bolus swallowed. Persistent dysphagia 
of solids in a patient with reflux esophagitis should indicate to the clinician 
that a peptic stricture has formed or that a carcinoma may have developed 
within the esophagus. Anemia has been described as the presenting symp- 
tom in some patients with reflux esophagitis; it is a result of low-grade 


i 443 
0066-4219/81/0401-0443$01.00 


444 KESTENBAUM & BEHAR 


bleeding from erosions and ulcerations in the esophagus. The incidence of 
this complication is about 5% (4). Major gastrointestinal bleeding requiring 
blood transfusions, however, is uncommon. Major bleeding is usually 
preceded by the ingestion of exogenous caustic agents, gastric intubation, 
or retching and vomiting. 

There is increasing evidence that aspiration of gastroduodenal contents 
in the respiratory tract and lungs can occur in patients with reflux esophagi- 
tis. Morning hoarseness, asthma-like symptoms, and aspiration pneumoni- 
tis have been reported in these patients. Pulmonary aspiration of 
gastroduodenal contents appears to be more common in the pediatric popu- 
lation (5~7). Lung scanning with the gamma camera using technetium as 
radioisotope may simplify the diagnosis of this complication, and its fre- 
quency and importance may become clearer with time (8). 


PATHOGENESIS 


Abnormal Anti-Refiux Barrier 


The primary motor abnormality in this disease entity is the weakness of the 
lower esophageal sphincter (LES) and its failure to prevent gastroeso- 
phageal reflux (GER) (9). Approximately 75% of patients with reflux eso- 
phagitis have basal LES pressures of 12 mm Hg or less compared to normal 
subjects with pressures higher than 12 mm Hg (4). The pathogenesis of the 
sphincter incompetence (see Figure 1) is poorly understood since we know 
little about the mechanisms that control the LES in man. Most of our 
understanding of the sphincter comes from experimental studies in animals 
and from clinical models such as human achalasia (10). A competent LES 
prevents GER by maintaining a high-pressure zone at the gastroesophageal 


junction in the resting state. Experimental studies suggest that three factors _ 


—the circular muscle of the sphincter, the innervation of the gastroeso- 
phageal junction, and gastrointestinal neuropeptides—may contribute to 
the competence of the sphincter. These may interact in a complex and not 
completely understood way in determining the resting and adaptive pres- 
sures of the LES. 

The circular muscle layer of this region is considerably specialized. In 
vivo studies show that the LES maintains a resting high-pressure zone that 
is either not affected at all (opossum) or only slightly reduced (cat) by 
complete denervation with neural poisons such as tetrodotoxin (11, 12). 
These studies indicate that basal LES pressures are determined by the 
muscle itself. In vitro studies that the circular muscle strips from this region 
develop an active tension greater than adjacent strips of circular muscles 
from the esophagus or fundus and are not affected by complete denervation 
by tetrodotoxin (13, 14). These findings cannot be entirely explained by the 
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Figure 1 Pathogenesis of gastroesophageal reflux and esophagitis. 


greater muscle thickness of this region. The myogenic mechanisms of this 
specialized circular muscle layer may be related to lower membrane poten- 
tials allowing an influx of calcium in the LES muscle cell (15). Furthermore, 
muscle cells from the LES, but not from the body of the esophagus, contain 
receptors for prostaglandins (16). LES strips are also capable of converting 
arachidonic acid, a prostaglandin precursor, into contractile substances. 
This conversion can be prevented by agents that interfere with prostaglan- 
din synthesis, for example indomethacin, which causes a decrease in LES 
active muscle tension. It is thus conceivable that endogenous prostaglandin 
may maintain a high resting tonic contraction of the circular muscle layer 
of the LES by acting locally at specific receptors in the cell membrane that 
could facilitate the influx of calcium into these cells (17). 

The neural contribution to thé genesis of the LES tonic contraction varies 
considerably among species. In the opossum, neural regulation may be due 
to a balance between excitatory and inhibitory influences, since sphincter 
denervation with tetrodotoxin results in no discernable pressure change 
(11). In the cat, however, it appears that an excitatory alpha-adrenergic 
influence predominates since both tetrodotoxin and phentolamine, an al- 
pha-adrenergic blocker, decrease LES pressures by about 20-30% (12). In 
man and in dogs, cholinergic influences appear. to play a significant excita- 
tory role in the genesis of LES tonic contraction. Small doses of atropine 
reduce LES pressures by about we} in man (18, 19) and almost completely 
in dogs (20). 
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The role of gastrointestinal neuropeptides in the control of the LES 
competence is even more controversial. Their potential role has been sug- 
gested by the following observations: (a) the presence of receptors for these 
neuropeptides in mediating either LES contzaction or relaxation (21-24); 
(b) the presence of these neuropeptides at the autonomic nerve endings that 
innervate the esophagus (25); and, (c) the significant changes in basal LES 
pressures during the digestive process when these neuropeptides are re- 
leased into circulation (26). The correlation between LES pressures and 
circulating levels of these hormones, however, is poor (27, 28). The neuro- 
peptides may conceivably act at local levels as neurotransmitters or as 
paracrine factors modulating synaptic transmission (29). A great deal of 
additional work is needed to define whether or not there is a specific role 
for these hormones in the control of LES tonic contraction. Nevertheless, 
marked elevation of the circulating levels cf some of these hormones in 
physiological and diseased states may cause changes in the strength of the 
LES circular muscle. An example of a specific hormonal change causing 
LES incompetence and GER is observed during pregnancy. Reflux symp- 
toms are common in pregnancy and can be very severe. In the majority of 
patients, the symptoms resolve after delivery (30). It has been suggested that 
the LES incompetence is induced by high circulating levels of progesterone 
and estrogens. These assumptions are supported by studies performed in 
young women taking oral contraceptives (31) and in experimental animals 
with the pseudopregnancy induced by the administration of female hor- 
mones (32). Thus, we can conclude that tae sphincter incompetence in 
patients with reflux esophagitis may result from abnormalities in either the 
muscle, neural fibers, or gastrointestinal neuropeptides singly or in combi- 
nation. 

Esophageal manometry has disclosed that in about 25% of patients with 
reflux esophagitis LES pressures overlap with those of normal subjects (4). 
One possible explanation is that basal LES pressures, as measured under 
laboratory conditions, may not always reflect those pressures present when 
GER develops or that the adaptive mechanisms of the LES may still be 
abnormal in these patients. This LES adaptation occurs in response to an 
increase in intraabdominal or intragastric pressures (33). There -has been 
considerable controversy about the existence and significance of this LES 
pressure response. Measurement of this adaptive response in man has been 
clouded by technical difficulties since it is difficult to maintain the pressure 
sensor in the same site within the LES before and during these responses. 
Initially, it was suggested that this was the result of a neural reflex. More 
careful human and animal studies, however, seem to suggest that this 
pressure change may result when the LES is mechanically compressed by 
. the diaphragm or other anatomic structures (34, 35). 
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Alternatively, it might be that other mechanisms participate in the con- 
trol of GER. It has been assumed that a sliding hiatus hernia interferes with 
or eliminates the action of mechanical factors that assist the LES in the 
control of GER. Thus the absence of these mechanical factors may make 
reflux possible even though the LES is normal. The most important me- 
chanical factors appear to be the mucosal flap valve, the acute esophageal 
angle of Hiss, the compression of the distal esophagus by diaphragmatic 
hiatus, the interdigitation of the esophagogastric folds (the mucosal choke), 
the phrenoesophageal membrane, and, perhaps most importantly, the in- 
traabdominal LES extrinsically compressed by the positive pressures of this 
cavity. The role of these mechanical factors, however, has not stood the test 
of careful studies in dog models. The creation of a hiatus hernia in dogs, 
for instance, does not result in esophagitis nor does it change the resting 
LES pressures (36). Although there is an undeniable strong association 
between the presence of a hiatus hernia and reflux esophagitis, it is not a 
simple one. Cohen & Harris (37) found that reflux symptoms correlated 
well with the presence of an incompetent LES but not with the presence or 
absence of a hiatus hernia. Furthermore, this association does not neces- 
sarily imply a cause-to-effect relationship. The exact incidence of hiatus 
hernia in the general population is not clearly known. There are difficulties 
in the diagnosis with both radiological and endoscopic techniques. Some 
studies suggest that up to 50% of subjects that undergo an upper gastroin- 
testinal x-ray examination have a sliding hiatus hernia, and the incidence 
frequently depends on the radiologist’s efforts to demonstrate this hernia 
(38). In a few patients, the hiatus hernia is large with a wide diaphragmatic 
hiatus and the phrenoesophageal membrane is either ruptured or elongated. 
Evidence of reflux esophagitis is rarely found in this type of patient. A hiatus 
hernia is also observed in patients with severe reflux esophagitis and occa- 
sional stricture formation. It is conceivable that in these patients the eso- 
phagus is shortened as the result of a chronic inflammation. Not only does 
the esophagus contract radially forming a stricture but longitudinally as 
well, thereby pulling the stomach up into the chest. 

In addition there are mechanisms that aggravate reflux once it occurs. 
The normal esophagus is able to clear the refluxed contents through its 
primary and secondary peristalsis. This acid clearance function enables the 
esophagus to reduce the duration and damaging effect of the GER. Patients 
with reflux esophagitis often have a decreased esophageal acid clearance 
when compared to normal subjects (39). When reflux occurs in patients 
with severe GER, it tends to last longer, particularly in the recumbent 
position (40). There is some evidence that the acid clearance function of the 
esophagus is impaired during sleep. More recently it has been shown that 
even normal subjects can reflux in their sleep because of spontaneous or 


448 KESTENBAUM & BEHAR 


inappropriate relaxations of the LES (41). It is possible that in some patients 
with reflux esophagitis, but with normal basal LES pressures, severe GER 
may occur because of frequent spontaneous or inappropriate relaxations of 
the sphincter and an associated impaired esophageal acid clearing mecha- 
nism. We have found abnormal esophageal peristalsis in patients with - 
severe reflux esophagitis with contractions of low amplitude or force, almost 
mimicking the manometric findings observed in patients with Raynaud’s 
phenomenon or scleroderma (J. Behar, unpublished observations). A few 
patients also exhibit a very disorganized motor activity of the esophagus 
that simulates moderate to severe diffuse escphageal spasm. It is not clear, 
however, whether these motor disorders are part of the primary process of 
this disease or secondary changes due to damage caused to the neuromuscu- 
lar function of the esophagus by GER. 


Consequences of Gastroesophageal Reflux 


Reflux of gastroduodenal contents into the esophagus damages the squa- 
mous mucosa; the degree of damage is related to the pH and pepsin activity 
and the potentiating effects of bile salts (42, 43). This damage can be 
detected by changes in the potential difference across the squamous mucosa. 
The initial mucosal damage is apparently an increase in surface epithelial 
desquamation and compensatory cellular proliferation. This is reflected 
morphologically by an elongated papilla and thicker basal layer, which is 
the proliferative cellular compartment (44, 45). This greater cell prolifera- 
tion has been suggested because the uptake in tritiated thymidine by the 
esophageal mucosa increases in vitro, as judged by biopsies from patients 
with severe esophagitis and from experimental esophagitis in cats (46, 47). 
Persistence of gastroesophageal reflux may lead to mucosal ulcerations 
when the cell proliferation process fails tc compensate fully for the in- 
creased cellular desquamation. Experimental studies in dogs show that if 
the mucosal ulcerations are continuously bathed by the refluxed contents, 
they tend to heal, partially or completely, with a metaplastic mixed epi- 
thelium (Barrett’s epithelium) (48), which is characterized by a combina- 
tion of gastric, fundic, pyloric, or intestinal glands (49). There is increasing 
evidence that this metaplastic epithelium is premalignant predisposing to 
development of adenocarcinoma (50, 51). In contrast, when the GER is 
controlled or prevented, the ulcerations tend to heal with a normal squa- 
mous epithelium. A recent study revealed a dynamic interaction between 
these metaplastic and normal squamous epithelia. Even after the metaplas- 
tic epithelium is well established, controlling the GER by surgical means’ 
can lead to its regression and replacement by normal squamous epithelium 


(52). 
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The inflammatory response is not confined to the squamous mucosa but 
can extend to the submucosa, muscularis propria, and periesophageal tis- 
sues. Inflammation of the esophageal wall and periesophageal tissues can 
induce a marked fibrotic response with formation of a stricture that inter- 
feres with the passage of a bolus of food. Furthermore, damage by this 
inflammatory process to the LES circular muscle layer can lead to further 
weakening of the sphincter, as shown in experimental esophagitis in cats in 
vivo and in vitro (53, 54). 


DIAGNOSIS 


Based on the pathogenesis of this disorder, patients with reflux esophagitis 
have an incompetent LES that causes GER and subsequent injury on the 
esophageal squamous mucosa or esophagitis. It seems logical to base the 
diagnosis of this disease on objective evidence of these two distinct abnor- 
malities (4). i 


Assessing Sphincter Incompetence 

Esophageal manometry allows us to determine basal LES pressures as well 
as esophageal peristalsis in responsé to swallowing. Most patients with 
reflux esophagitis have basal LES pressures of 12 mm Hg or less, whereas 
normal subjects have pressures greater than 12 mm Hg. The remaining 25% 
of patients with reflux esophagitis have LES pressures that overlap with 
normal subjects. In these patients, sphincter incompetence can be detected. 
by demonstrating GER of acid using a minute pH probe placed 5 cm above 
the LES (9). This test can demonstrate GER in about 90% of patients with 
reflux esophagitis, whereas only 10% of normal subjects have false positive 
tests. GER can also be detected and semiquantitated by using the scinti- 
scanning technique with the radioisotope 99-technetium and the gamma 
camera (55). Also, it has been suggested that the diagnosis of sphincter 
incompetence be accomplished by monitoring the esophagus for GER of 
acid with a pH electrode for periods of 12-24 hours. Although this tech- 
nique is extremely useful as a research tool, it does not seem to have any 
diagnostic importance at this time since it has not been quantitated. 


Determining Esophagitis 

Esophageal infusion of an acid solution (HCI 0.1 N) or Bernstein test (56) 
is a test designed to elicit the patient’s substernal discomfort. It is only 
confirmatory in patients who have classical and well-defined heartburn but 
it can be useful when there is a doubt that the esophagus is the source of 
a substernal discomfort and can be determined by eliciting the patient’s pain 
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during the acid infusion. However, it does not necessarily indicate the 
presence of esophagitis since patients with “a sensitive esophagus” and 
diffuse esophageal spasm may also have a positive test. A negative test result 
also is useful in that it rules out esophagitis in the majority of patients. We 
found that only 12% of patients who had the diagnosis of reflux esophagitis 
had a negative test (4). Esophagoscopy is very specific but not very sensitive 
since it only discloses muscosal lesions in about 60% of the patients (4). The 
remaining 40% have a normal esophageal mucosa at esophagoscopy. It 
allows assessment of the severity of the disease since patients with gross 
esophagitis with mucosal ulcerations can develop complications such as 
stricture, low-grade bleeding, and Barrett’s epithelium. It also allows direct 
visual biopsies to detect the presence of Barrett’s epithelium. The biopsy of 
the esophagus, using suction techniques, should be performed in patients 
who have a normal esophagoscopy; such biopsies usually do not reveal any 
evidence of acute inflammatory reaction. They do reveal suggestive epi- 
thelial changes, such as an elongated papilla and the thicker basal layer, that 
can be detected in the majority of these pazients (44, 45). 


MANAGEMENT 


In managing patients with reflux esophagitis, we should keep in mind four 
considerations: (a) we are dealing with a chronic disease that requires some 
form of continuous treatment; (b) the esophagus is at higher risk when these 
patients sleep in the recumbent position beczuse the gravity factor is absent 
and esophageal acid clearance is impairec during sleep; (c) the severe 
inflammatory process might damage the neuromuscular structures of the 
esophagus, worsen the sphincter incompetence, and perhaps impair the 
esophageal acid clearance; and, (d) gross esophagitis can lead to complica- 
tions that to a certain degree, may be reversible. 


Medical Management 

The goals of medical management are to improve sphincter competence and 
neutralize or inhibit the secretion of causative agents such as acid, pepsin, 
and bile salts. 

Drugs or measures that improve sphincter competence also seem to 
facilitate the esophageal clearance of GER and lessen its damaging effects. 
These goals can be obtained by elevating the head of the bed 6-8 inches, 
which restores the gravity factor at the gastroesophageal junction while the 
patient is asleep. The duration of GER is reduced by this maneuver (57). 
Dietary manipulations can also be helpful since protein with meals increases 
LES pressures whereas fatty meals, alcohol, and- nicotine affect the 
sphincter competence adversely (58). Certain drugs can also be harmful, 
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particularly anticholinergics, which not only reduce LES pressures but also 
delay gastric emptying. 

We can also use drugs that improve the LES competence and increase 
the magnitude or force of esophageal contractions. At the present time, 
there are two drugs that can accomplish these two objectives. One is be- 
thanechol (Urecholine®), which is used in the oral dose of 25 mg, 3—4 times 
a day. In a double-blind crossover study it improved reflux symptoms and 
decreased the consumption of antacids when compared to placebo (59). Its 
efficacy, however, is limited where it is needed the most, in patients with 
moderate to severe esophagitis. Bethanechol also has some drawbacks; a 
few patients complain of abdominal cramps and constipation or diarrhea, 
and there is some concern over its long-term effects on gastric acid secre- 
tion. The other drug is metoclopramide, which improves sphincter compe- 
tence and reduces the duration of GER. Metoclopramide in doses of 10 mg, 
3—4 times a day, does not cause abdominal cramps nor does it stimulate 
gastric acid secretion. Although it has been used in Europe for a number 
of years, only one controlled clinical trial showed that this drug causes 
symptomatic relief and increased esophageal tolerance to acid when com- 
pared to placebo and moderate antacid ingestion (60). Its major disadvan- 
tage results from its effects on the central nervous system. Patients 
frequently complain of increased anxiety and restlessness and occasionally 
even agitation. Nevertheless, either drug may find an important place in the 
therapy of this disease when used in combination with other forms of 
therapy. 

For years, reflux esophagitis patients have been treated with antacids 
immediately or one hour after their meals. Antacids are very effective in 
relieving the symptoms of heartburn but they are less successful in prevent- 
ing this reflux symptom for a long period of time or in changing the natural 
course of the disease. In a prospective study of antacids used four times a 
day, only 20% of patients were able to be symptom free (61). The remaining 
80% complained of intermittent heartburn with 20% of these patients 
developing complications such as early stricture and low-grade GI bleeding. 
H-2 receptor blockers such as cimetidine appear to be effective in patients 
with reflux esophagitis. Recent studies on both sides of the Atlantic have 
shown that cimetidine at doses of 300 mg, 4 times a day, is more effective 
than placebo in relieving the frequency and severity of the heartburn, 
particularly at night, and in improving the tolerance of the esophagus to 
acid infusion (62). However, within the 8-week treatment period, the endo- 
scopic appearance did not improve. 

Although these newer drugs appear to be very promising, we need to 
determine whether or not they can change the natural history of the disease 
over a longer period of time. Furthermore, the efficacy of treatments with 
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combinations of drugs that improve sphincter competence and that reduce 
acid secretion is not known. Such clinical trials would be extremely useful 
indeed. 


Surgical Management 

Patients with reflux esophagitis who fail to respond to an adequate medical 
trial should be considered candidates for surgical management. Three 
groups of patients should be considered for this type of management. The 
first are patients with intractable reflux sym:ptoms. The second group are 
those who develop complications of gastroesophageal reflux disease during 
an adequate medical trial. These complications include formation of an 
early stricture and persistent or recurrent low-grade bleeding leading to 
anemia. Another complication, the presence of Barrett’s epithelium in the 
esophagus, may also contribute to the decisicn to operate on a patient, since 
surgical management has been shown to cause its regression and replace- 
ment by a normal squamous epithelium (52). The third group of patients 
to be considered for surgery are those with objective and preferably direct 
evidence of pulmonary aspiration caused by gastroesophageal reflux disease 
(8). Most of the previous studies have shown indirect evidence of this 
pulmonary aspiration since direct evidence has so far proved elusive. 

Surgical treatment is effective in contrclling severe gastroesophageal 
reflux and its consequences (61, 63, 64). Hiatal hernia repairs with a fundo- 
plication of Nissen, anterior fundoplication of Belsey, or posterior gas- 
tropexy of Hill performed in patients with reflux esophagitis lead to ` 
symptomatic improvement and concomitant resolution of the objective 
changes of esophagitis. After this surgical manipulation, there is conversion 
of the positive to a negative acid infusion test, healing of gross esophagitis 
at esophagoscopy, and prevention of acid reflux. 

In considering a patient with reflux esophagitis for surgical treatment, 
one should keep in mind that two major questions about this type of 
management remain unanswered (65). The first one of great practical im- 
portance is the effective duration of these surgical manipulations. There is 
only one careful but uncontrolled study showing that the incidence of 
recurrence of reflux esophagitis increases with time (66). It is not clear why 
symptoms recur, but it has been assumed that it results from the breakdown 
of the repair and recurrence of esophageal hiatal hernia. A more recent 
study, however, has shown that most patients with recurrence of reflux 
symptoms have an intact anatomic repair at east when examined radiologi- 
cally (67). This study would suggest that recurrence of GER may be due 
to progression of the primary disorder responsible for LES incompetence. 

The question of the effectiveness of the repair and its duration is inti- 
mately related to the second question of how the surgical reconstruction of 
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` the cardioesophageal junction controls GER. There is now increasing evi- 
dence that these repairs not only reconstruct the anatomy of the gastroeso- 
phageal junction but also increase the LES strength. Several studies have 
shown that hiatal hernia repairs increase LES pressures immediately and 
at least up to three years postoperatively (61, 68). The mechanism of the 
rise in sphincter pressures, however, is far from known. Surgical manipula- 
tion of the gastroesophageal region could make the sphincter more compe- 
tent by creating a flap valve which would facilitate the transmission of 
changing gastric pressures to the LES. Greater LES pressures postopera- 
tively have also been explained by the restitution of the sphincter to its 
normal subdiaphragmatic position, where it could then take advantage of 
higher intraabdominal pressures. The postoperative sphincter pressures, 
however, are greater than the simple sum of the preoperative sphincter and 
postoperative gastric pressures (69). Furthermore, sphincter pressures are 
not affected by displacement of the normal canine LES into the chest. Over 
the last few years two hypotheses have been advanced to explain this 
phenomenon of postoperative rise in LES pressures (70, 71). The LES may 
be buttressed by the fundal cuff placed around the distal esophagus. Fundal 
muscles share some of the physiologic and pharmacologic characteristics of 
LES muscles. They relax during swallowing and vagal stimulation and 
contract in response to pentagastrin. It is thus possible that this fundal cuff 
strengthens the LES without altering its physiological characteristics. It is 
also conceivable that surgical manipulation of the distal esophagus might 
alter the length-tension characteristics of the LES circular muscle. Fundo- 
plication may thicken the mucosal folds or shorten the circular muscle 
layer, which could then stretch the muscle fibers with greater tension at 
closure. 
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INTRODUCTION 


Urinary calculi are a major cause of morbidity in the United States. It is 
estimated that one of every 1000 people in the US is hospitalized annually 
for urinary tract stones, and that 15 of every 100 stone episodes results in 
urologic surgery (1). 

Renal stones are classified into five major crystalline types: cystine, uric 
acid, struvite (magnesium ammonium phosphate, triple phosphate, and 
infection stones are synonyms), calcium phosphate (brushite), and calcium 
oxalate. Approximately half of calcium oxalate stones contain a minor 
component of calcium phosphate; the term “mixed calcium stone” is used 
when the calcium phosphate content exceeds 15% of the crystalline mass 
of the stone. Calcium oxalate and mixed calcium stones constitute about 
80% of the stones encountered in the US, and the remaining four crystalline 
stone types are individually uncommon. 

Many investigators stress the concepts of supersaturation chemistry in 
attempting to understand the pathogenesis of renal stone formation. These 
concepts are particularly useful when applied to the formation of the four 
“minor” stone types. For example, cystine is the least soluble of the natu- 
rally occurring amino acids, with a maximum solubility of about 300 
mg/liter in aqueous solution. Patients with homozygous cystinuria com- 
monly excrete 600-1400 mg of cystine per day so that their predisposition 
to cystine stone formation is self-evident. Further, there is a discrete causal 
relationship between cystinuria and the formation of cystine stones. 
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Although calcium oxalate is notoriously insoluble in aqueous solution, 
and the concepts of supersaturation chemistry may be applied to calcium 
oxalate stone formation, the pathogenesis of calcium stones is far more 
complex than the single and simple relationships between cystinuria and 
cystine stones. Thus the “risk factor” approach was introduced as a useful 
way of conceptualizing calcium stone formation in individual patients (2) 
or patient populations (3). The implied analogy to atherogenesis and coro- 
nary artery disease is fully intended, for in both instances statistical risk 
factors rather than single cause-and-effect relationships are recognized. 
Further, as in patients with coronary disease, multiple risk factors are often 
found in patients with recurrent stone disease. 

The risk factors for calcium stone formation are (a) a family history of 
calcium stone formation, (b) dehydration, (c) certain medications (vitamins 
A, D, C, absorbable antacids, acetazolamide), (d) abnormal urinary acidifi- 
cation, (e) hyperoxaluria, (f) hyperuricosuria, and (g) hypercalciuria. In 
our experience, one or more of these risk factors is found in more than 90% 
of patients with recurrent calcium stone disease. 

Hypercalciuria is an important risk factor for calcium stone formation 
and is identified in approximately 40% of patients with calcium stone 
disease (4). The upper panel of Figure 1 illustrates the rates of calcium 
excretion in normal subjects and in patients with calcium stone disease. 
Although there is a clear tendency toward higher rates of calcium excretion 
in the patients with stones, the normal and stone-forming populations are 
not discrete in terms of their rates of calcium excretion. This observation 
reflects the fact that many patients with calcium stones are not hypercalciu- 
ric; conversely, some 10% of the “normal” (defined simply by an absence 
of nephrolithiasis) population appear to excrete quantities of calcium in the 
“hypercalciuric” range. Nevertheless, increasing degrees of calciuria confer 
a definite statistical risk for calcium stone formation in a quantitative fash- 
ion (lower panel of Figure 1). The purpose of this review is to summarize 
current knowledge of renal calcium handling and then to review the patho- 
physiology and nomenclature of the various types of hypercalciuria. 


RENAL CALCIUM TRANSPORT 
Methods of Study 


The renal handling of calcium can be studied at a variety of levels and by 
a variety of techniques including subcellular fractionation and transport 
techniques, the culture of isolated renal tubular cells, free flow micropunc- 
ture, isolated perfused nephron segments, isolated kidney or whole organ- 
ism clearance studies, balance techniques, or combinations of the above. 
Each method had advantages and disadvantages. For example, the study of 
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Figure 1 Urinary calcium excretion in normal (N) and calcium stone-forming (SF) individu- 
als. Upper panel indicates the extensive overlap between these two populations and the rarity 
of extreme hypercalciuria. Lower panel indicates relative risk of calcium stone formation at 
any given level of calcium excretion. Adapted from Robertson et al (3). 


calcium transport in subcellular organelles or components (isolated mito- 
chondria, brush border membranes, basolateral membranes, etc) may intro- 
duce important alterations in function that are not operative in the intact 
cell. Similarly, micropuncture techniques are limited to certain superficial 
portions of the kidney; for example, proximal tubular fiuid from deep, 
juxtamedullary nephrons cannot be sampled. In essence, currently available 
methods have not allowed the study of a number of relevant questions, and 
major information gaps therefore exist. 


Calcium Transport At the Cellular Level 


Although several important aspects of calcium transport through individual 
renal tubular cells remain to be elucidated, a model system can be described 
(Figure 2). Much of this information results from work in Borle’s laboratory 
where. cultured renal tubular cells were used (5). 

The extracellular concentration of free calcium ions on both the luminal 
(brush border) and basolateral aspects of the cell approximates 10-3 M, 
while the cytosolic concentration of free calcium ions is approximately 
107 M. The cytosol is electrically negative relative to the extracellular 
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Figure 2. Calcium transport in a renal tubular cell. See text. 


fluid. Calcium, therefore, enters the cell down a large electrochemical gradi- 
ent and must exit against a similar gradient. Mitochondria display an 
enormous capacity for both releasing calcium into and removing calcium 
from the cytosol. Thus, calcium transport occurs across three different 
membranes—brush border, basolateral, and mitochondrial—and must be 
accomplished by membrane “pumps” in at least two of these three loca- 
. tions. The precise nature of these pumps is unknown. 

Parathyroid hormone (PTH) stimulates net calcium transport across 
renal tubular cells. The mechanism whereby this is accomplished is uncer- 
tain and probably involves effects on mitochcndrial calcium flux and possi- 
bly on brush border and/or basolateral membrane pumps as well. In some 
systems, the actions of PTH can be duplicated by analogues of cyclic AMP. 


Transport of Calciuin In the Nephron 

Transport of calcium along the course of the nephron is depicted schemati- 
cally in Figure 3. Direct sampling of glomerular filtrate in Bowman’s cap- 
sule reveals calcium concentrations that are approximately 60% of those 
found in serum (5). This agrees well with the ultrafilterable calcium concen- 
tration as measured by dialysis techniques. Thus, slightly more than half 
of the calcium in serum is not bound to serum proteins and is filtered at the 
glomerulus. 

Anatomically, the proximal tubule begins at Bowman’s capsule and- ends 
at the beginning of the thin descending limb of Henle’s loop. It has both 
convoluted and straight (pars recta) portions. The distal tubule begins with 
the thick ascending limb of Henle’s loop (diluting segment), continues 
through the distal convoluted tubule, and ends at the beginning of the 
collecting duct. Contemporary micropuncture terminology is governed by 
accessibility to the micropuncture pipette and may vary substantially from 
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Figure 3 Diagramatic representation of a single nephron. Classical anatomic nomenclature 
is indicated on diagram. Current micropuncture nomenclature distinguishes proximal 
(hatched) from distal (dotted) nephron. 


classical anatomic nomenclature. For example, “proximal” generally refers 
to the portion of the proximal tubule available to the micropuncturist and 
ends, therefore, at the beginning of the pars recta. “Distal” refers to all 
nephron segments distal to the earliest accessible sampling site in the distal 
convoluted tubule, and thus generally refers to distal convoluted tubule and 
the collecting duct. The remainder of nephron, i.e. the pars recta of the 
proximal tubule, and thin descending and ascending and the thick ascend- 
ing portions of Henle’s loop, may be considered “proximal” or may be 
further subdivided if the hairpin turn of Henle’s loop is sampled. 
Physiologically, calcium transport in the nephron is best divided into two 
- basic regions (depicted by the hatched and dotted areas in Figure 3). Cal- - 
cium transport occurring prior to the end of the thick ascending limb, i.e. 
before the distal tubule micropuncture site, is considered proximal, and that 
occurring after the distal sampling site is considered distal. l 


PROXIMAL NEPHRON Approximately 60% of the filtered load of cal- 
cium, sodium and water is reabsorbed prior to the proximal accessible site, 
and an additional 30% of calcium is reabsorbed by the beginning of the 
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distal convoluted tubule. Thus, 90% of calcium reabsorption occurs proxi- 
mally (5, 6). The predominant feature of proximal calcium reabsorption is 
its tight coupling to sodium reabsorption in these nephron segments. Fac- 
tors that enhance sodium reabsorption in the proximal tubule (e.g. volume 
depletion) enhance calcium reabsorption as well. Factors that diminish 
proximal tubular sodium reabsorption (saline infusion, furosemide, 
acetazolamide) similarly reduce proximal calcium reabsorption (5, 6). 


DISTAL NEPHRON By the end of the “proximal” nephron (i.e. by the 
beginning of the distal convoluted tubule), only 10% or approximately 1000 
mg/day of the filtered load of calcium remains. Calcium reabsorption in this 
nephron segment, in contrast to proximal sites, is almost entirely dissociable 
from sodium handling (5, 6): factors that stimulate sodium reabsorption 
distally (e.g. aldosterone) have no influence on distal calcium handling; 
factors that enhance distal calcium reabsorption (e.g. PTH, chronic thiazide 
administration) have minor (if any) effects on sodium reabsorption. “Dis- 
tal” calcium transport occurs against an electrochemical gradient and is 
thus active. Although direct evidence for a tubular maximum (Tm) or 
threshold for calcium reabsorption in the distal nephron is unavailable, in 
many ways the distal reabsorption mechanism functions physiologically as 
if it were Tm-limited. In this case, the Tm ar “setpoint” for calcium reab- 
sorption in the distal nephron is determined by the ambient circulating 
concentration of PTH. It is by this mechanism that distal calcium reab- 
sorption is regulated to subserve systemic needs. Indeed, patients with 
chronic hypoparathyroidism represent a classic example of “renal” hyper- 
calciuria even though the term seems oddly misapplied when used in this 
connection. 


DIURETICS AND CALCIUM TRANSPORT Thiazide diuretics, used 
acutely, cause a natriuresis unassociated with changes in calcium excretion 
(6). Chronic thiazide use results in a fall in glomerular filtration rate (GFR) 
through sodium depletion and potentiates PTH effect on the distal tubule 
—~both of which diminish net urinary calcium excretion (6). Loop diuretics 
(furosemide, ethacrynic acid) act primarily on the thick ascending limb of 
Henle’s loop to block sodium chloride reabsorption, which diminishes prox- 
imal calcium reabsorption. The relatively greater increment in calciuresis 
than naturiuresis following furosemide suggests that the distal nephron may 
participate as well (6). Acetazolamide inhibits proximal sodium and cal- 
cium reabsorption but does not increase calcium excretion in the final urine. 
Metabolic acidosis resulting from chronic acetazolamide use may be asso- 
ciated with hypercalciuria. Potassium-sparing diuretics (spironolactone, 
triamterene) do not appear to influence calcium excretion. 
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CALCIUM HOMEOSTASIS IN THE WHOLE 
ORGANISM 


Figure 4 is a schematic representation of systemic Ca homeostasis in a 
normal adult who is consuming a high-normal (1000 mg) calcium diet and 
who is in zero external calcium balance. The net quantity of calcium ab- 
sorbed in the small intestine (175 mg/day) is equal to the total quantity 
absorbed (300 mg/day) less the amount lost via intestinal secretions (125 
mg/day). The major mechanism of intestinal Ca absorption is active trans- 
port; only some 15% of Ca absorption proceeds by simple diffusion. In a 
nongrowing individual in zero calcium balance, the tightly coupled pro- 
cesses of bone resorption and bone mineralization are quantitatively equiva- 
lent and do not influence net calcium entry into the extracellular pool. The 
renal tubule plays the dominant quantitative role in normal minute-to- 
minute Ca homeostasis. The filtered load of calcium is approximately 
10,000 mg/day. Of this quantity, some 98% is reabsorbed by the proximal 
and distal processes of calcium reabsorption. In essence, the control mecha- 
nisms are such that the normal net quantity of calcium absorbed via the 
intestine considerably exceeds systemic requirements for calcium. Thus, 
under normal circumstances urinary calcium excretion simply reflects this 
surplus of intestinally derived calcium. 

The control mechanisms responsible for maintaining normal’ calcium 
homeostasis involve two hormones, parathyroid hormone and 1,25- 
(OH),D, acting on three target tissues: bone, kidney, and the small in- 
testine. The mechanisms are sufficiently finely tuned that the ionized serum 
calcium normally varies by no more than + 0.1 mg/dl throughout the day. 
The parathyroid cells are exquisitely sensitive to even minor fluctuations in 
serum calcium, so that the level of ionized calcium is the principal regulator 
of the rate of PTH secretion. The major target cells (and actions) of PTH 
are osteoclasts (osteoclastic bone resorption), the proximal renal tubule 
(reduction in phosphorus reabsorption), the renal cell containing 1-a- 
hydroxylase activity [increases 1,25-(OH),D synthesis], and the distal neph- 
ron (increase in calcium reabsorption). PTH and hypophosphatemia 
represent two independent stimuli for 1,25-(OH),D synthesis; in addition, 
the synthesis of 1,25-(OH),D is strongly product inhibited. The principal 
target cells (and actions) of 1,25-(OH)2D are the small intestine (increase 
in active calcium and phosphorus absorption) and the osteoclast (increase 
in bone resorption). Minute-to-minute calcium homeostasis is maintained 
-< primarily by the effects of PTH on osteoclastic bone resorption and distal 
tubular calcium reabsorption. Increases in circulating 1,25-(OH),D in re- 
sponse to a hypocalcemic challenge require some 24-48 hours to become 
maximal, so that the parathyroid—1,25-(OH),D axis functions in a more 
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Figure 4 Total body calcium balance. See text. Net celcium movement is indicated by dark 
arrows. 


subacute regulatory sense. Many investigators regard the function of this 
axis as analogous to the pituitary-adrenal axis, with the parathyroid glands 

` serving as the primary endocrine gland, PTH as the trophic hormone, the 
kidney as the secondary endocrine gland, and 1,25-(OH),D as the final, 
secondary endocrine product. It is the integrated effects of these various 
control mechanisms that are is a for normal and abnormal systemic 
mineral homeostasis. 

Figure 4 also indicates that nbd few fundamental mechanisms can 
lead to hypercalciuria: {a) a defect in renal tubular calcium reabsorption, 
(b) an increase in net intestinal calcium absorption, (c) an increase in bone ` 
resorption, or (d) some combination òf these processes. Clearly, the two key 
variables determining the rate of calcium excretion are the integrated (i.e. 
fasting and postprandial) filtered load of calcium throughout the day and 
efficiency of renal tubular calcium reabsorption. Equally clearly, the quan- 
tity of calcium excreted in the urine must ultimately be derived from dietary 
calcium or bone mineral, or both. 


HYPERCALCIURIA 


Flocks, in 1939, initially noted the association between hypercalciuria and 
calcium stone formation (7). Albright et al, in 1953, coined the term idi- 
opathic hypercalciuria (8), and the patient population so defined was re- 
ported in detail by Henneman et al in 1958 (9). The Henneman paper is a 
key historical reference in that it both defined the descriptive use of the term 
idiopathic hypercalciuria and broached the question of pathogenesis, thus ` 
initiating a controversy that still exists concerning the pathogenetic primacy 
and criteria for diagnosis of “renal” hypercalciuria, “absorptive hypercalci- 
uria”, and subtle or “normocalcemic” hyperparathyroidism. 
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Definition, Detection, and Incidence of Hypercalciuria 


The seemingly simple issue of defining hypercalciuria and estimating its 
frequency in patients with calcium stone disease is, in fact, a matter of some 
consternation. The problems and variables involved are many and include 
(4) (a) the use of multiple arbitrary and inconsistent definitions of hypercal- 
ciuria in the literature, (b) reported differences in the population pattern of 
calcium excretion from one locale to another, (ce) possible temporal and/or 
seasonal variability in the excretion of calcium by normal individuals and 
those with stone disease, (d) the influence of many dietary factors other 
than calcium on the rate of calcium excretion, and (e) the difficulty of 
assigning a statistically valid upper limit of calcium excretion in the normal 
population because of an apparent “positive skew” of values in this popula- 
tion (Figure 1). Of these various issues, dietary influences and the approach 
employed in screening for hypercalciuria are the most important. 

Any quantitatively precise definition of hypercalciuria requires attention 
both to the various dietary factors influencing calcium absorption and 
' excretion and to’ the dietary intake of calcium itself. Calcium absorption 
and/or excretion is increased by dietary protein, sodium, and carbohydrate 
and decreased by dietary oxalate and phosphorus. Of these factors, protein 
ingestion has the most striking quantitative effect on calcium excretion: 
increasing protein intake from 0.5 gm/kg/day (a restricted intake) to 2 
gm/kg/day (a liberal intake) doubles calcium excretion in a normal individ- 
ual (10). This effect appears to result from the metabolism of protein to fixed 
acid, with consequent effects on tubular calcium reabsorption. Sodium 
intake increases calcium excretion by approximately 25 mg per 100 meq 
increment in sodium excretion, so that wide swings in salt intake are re- 
quired to significantly alter daily urinary calcium. The influences of car- 
bohydrate, oxalate, and phosphorus appear to be quantitatively minor. The 
essential point is that any or all of these influences may affect the results 
of metabolic screening when the patient is on a “free” or undefined diet. As 
a practical point, this type of diet-induced “hypercalciuria” tends to be 
manifest only intermittently in a series of urine collections from a given 
patient, and almost always disappears when the patient is evaluated on a 
defined diet. Whether these dietary factors should be regarded as indepen- 
dent risk factors for hypercalciuria and stone formation is entirely un- 
known. 

The second major dietary influence on calcium excretion is the quantity 
of calcium in the diet. In normal individuals, increasing calcium intake from 
low-normal (approximately 400 mg/day) to high-normal (approximately 
1000 mg/day) has a modest impact on calcium excretion. In contrast, the 
majority of patients with hypercalciuria and stone disease display a marked 
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increase in calcium excretion on a high-normal calcium intake, such that 
the segregation of these patients from normal tends to be far more clearcut 
when they are evaluated on an unrestricted rather than a restricted calcium 
intake (2). ` 

The most useful single definition of hypercalciuria is a calcium excretion 
rate of >250 mg/day in females, >300 mg/day in males, or >4 mg/kg/day 
in either sex when the patient is screened on a defined 1000-mg calcium 
intake. These limits agree with those advocated by most investigators in the 
US and are virtually identical to those proposed by Lemann on the basis 
of an exhaustive literature search (10, 11). 

Employing the dietary constraints and the upper normal limits described 
above, approximately 40% of patients with calcium stone disease will be 
found to have persistent hypercalciuria (1, 10, 11). As noted previously, the 
Statistical and cause-and-effect relationships between calcium excretion and 
calcium stone formation are far less discrete than, for example, the relation- 
ship between cystine excretion and cystine stone formation. Nevertheless, 
both the presence and degree of hypercalciuria are statistically related to the 
risk of calcium stone formation. The relative risk is substantial at a calcium 
excretion rate of 300 mg/day and rises sharply at an excretion rate of 
2400 mg/day (Figure 1). 


Classification of Hypercalciuria 


Table 1 contains a classification of hypercalciuria. Of the secondary hyper- 
calciurias, only the first six conditions or categories are clearly associated 
with an increased incidence of calcium stone disease. Medullary sponge 
kidney is listed as a “cause” of hypercalciuria, although the cause-and-effect 
relationship is unknown. Primary hyperparathyroidism is by far the most 
important of the secondary hypercalciurias, being identified on the average 
in 7.2% of 3084 patients with calcium stone disease reported in eight large 
series (12). The “subtle” variety of this disorder is easily overlooked and is 
given separate emphasis below. In the aggregate, the secondary hypercalci- 
urias account for ~15-20% of patients presenting with calcium stone dis- 
ease. “Dietary hypercalciuria” refers to two categories of hypercalciuria. 
The first is that associated with the consumption of large quantities of 
protein or other dietary factors that influence calcium excretion. Hypercal- 
ciuria is usually present only intermittently and its potential relationship to 
stone disease is unknown. “Calcium gluttony” can also produce hypercalci- 
uria in an otherwise normal individual. The calcium intake must be massive, 
on the order of 3-4 gm daily, and the absorption is largely mediated by the 
nonsaturable or diffusional component of intestinal calcium absorption. 
Calcium gluttony is of limited importance as a cause of calcium stones and 
can be easily identified by dietary history. 
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Table 1 Classification of hypercalciuria 


1. Secondary hypercalciuria 1. Secondary hypercalciuria (cont'd) 
a. Primary hyperparathyroidism i. Acromegaly 
b. Sarcoidosis j. Furosemide administration 
a Sern acidosis 2. Dietary hypercalciuria 
e. Immobilization, rapidly progressive 3. Idiopathic hypercalciuria 
osteoporosis, malignant osteolysis a. Absorptive hypercalciuria 
f. Medullary sponge kidney (?) b. Renal hypercalciuria 
g. Glucocorticoid excess c. Subtle primary hyperparathyroidism 
h. Thyrotoxicosis d. Resorptive hypercalciuria 


Pathophysiological features of four categories or subtypes of idiopathic 
hypercalciuria are summarized in Table 2. This classification is a bit uncon- 
ventional and is intended solely to emphasize the mechanisms of disease. 
In each instance, the apparent primary abnormality is indicated by an 
asterisk. It is of critical importance to recognize that all diagnostic classifi- 
cations are based on operational definitions and assumptions and that pa- 
thogenetic mechanisms are of far greater importance than the semantics 
used to describe them. 

The intestinal hyperabsorption of calcium in patients with absorptive 
hypercalciuria leads to postprandial increases in the extracellular concen- 
tration and filtered load of calcium, with attendant suppression of para- 
thyroid function and spillage of the excessive load of calcium into the urine. 
The suppression of the distal tubular effects of PTH adds a “renal” compo- 
nent to the net hypercalciuria in this disorder. In addition, mounting evi- 
dence suggests that patients with absorptive hypercalciuria have an 
abnormality in bone mineralization and/or resorption and may thus have 
a “resorptive’ component to their hypercalciuria as well (13). Patients 
operationally defined as having absorptive hypercalciuria appear to be pa- 
thogenetically heterogenous. There is evidence that at least three primary 
mechanisms may produce this basic syndrome. Shen et al (14) and Lemann 
et al (11) have proposed that many patients with absorptive hypercalciuria 
have a primary renal tubular phosphate leak, leading to a reduction in 
TmP/GEFR and serum phosphorus concentrations and secondary increases 
in 1,25-(OH)2D synthesis and intestinal calcium absorption. Phosphorus 
repletion has been reported to partially correct these abnormalities. Other 
patients with absorptive hypercalciuria have increased circulating levels 
of 1,25-(OH),D in the absence of reduced values of TmP/GFR or 
hypophosphatemia and are envisioned as having a primary abnormality 
in 1,25-(OH)2D production (15). Still another patient group displays intesti- 
nal hyperabsorption of calcium and clearly normal plasma concentrations 
of 1,25-(OH)2D and is regarded as having an enhanced intestinal sensitivity 
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Table 2 Pathophysiological features of four subtypes of idiopathic hypercalciuria® 


GI 
Urinary calcium : Renal Para- 
calcium absorp- Serium phospkate 1,25 thyroid Bone 
excertion tion calcium threshold Vitamin D function resorption 
Absorptive 
hypercalciuria 
phosphate leak + + N+ N-* + N- N+ 
1,25-mediated + + N+ N+ +* N- N+ 
- intestinal + +* N+ N > N - ?N 
Renal leak 
hypercalciuria +* + N- - + + + 
Subtle primary 
hyperpara- 
thyroidism + + N+ = + +" + 
Resorptive . 
hypercalciuria + - N+ N i - ~ +" 


4 An asterisk indicates the apparent primary abnormality. N = normal; + = above normal; — = below 
normal. 
to vitamin D or some equivalent disorder (1€). The exact frequency: of these 
various mechanisms in the population of patients with absorptive hypercal- 
ciuria is unknown. 

Patients with renal (or “renal leak”) hypercalciuria have a primary defect 
in renal tubular calcium reabsorption (16, 17). The site of this defect is 
unknown but is presumed to be in the distal nephron. The tubular losses 
of calcium lead to a state of secondary hyperparathyroidism, with resultant 
stimulation of 1,25-(OH)2D synthesis, incréased calcium absorption, and 
reductions in TmP/GFR and serum phosphorus concentrations. Histomor- 
phometric findings reveal a typical pattern of the “early” PTH response in 
bone, compatible with the state of relatively mild hyperparathyroidism. 
Thus, under steady-state conditions, patients with renal hypercalciuria have 
a combination of “renal,” “absorptive,” and “resorptive” components to 
their hypercalciuria. The pathophysiological abnormalities described are 
most clearly observed when patients with renal hypercalciuria are evaluated 
on a restricted calcium intake. Increasing the calcium intake to high-normal 
levels creates a new steady state with partial reversal of the secondary 
hyperparathyroidism and other secondary abnormalities; this reversal oc- 
curs at the expense of clearly accentuated hypercalciuria. Furosemide ad- 
ministration reproduces the pathophysiological pattern of renal 
hypercalciuria quite exactly (17). 

The literature on the subject of “normocalcemic” primary hyperpara- 
thyroidism is justly regarded as controversial. The term itself is unfortunate, 
and “primary hyperparathyroidism with intermittent hypercalcemia” or 
“subtle” primary hyperparathyroidism are more descriptive and preferable 
terms. Mild hypercalcemia is the rule rather than the exception in patients 


RENAL CALCIUM HANDLING 469 


with primary hyperparathyroidism and renal stone disease. The degree of 
hypercalcemia is often trivial, and a number of series have noted that the 
hypercalcemia may be present only intermittently in a large minority of 
these patients. Indeed, this intermittent pattern of hypercalcemia is a rather 
characteristic finding in patients with subtle hyperparathyroidism and is 
highly suggestive of the disorder. The disproportionality between the rather 
marked hypercalciuria and the mild or intermittent hypercalcemia in pa- 
tients with subtle primary hyperparathyroidism has puzzled investigators 
for many years and has only recently been clarified by studies emphasizing - 
the importance of circulating 1,25-(OH),D and intestinal calcium absorp- 
tion in these patients (18). 

In essence, patients with subtle primary hyperparathyroidism have a 
variant form of the disorder and represent the extreme end of the spectrum 
of the condition typified by mild hypercalcemia and disproportionate hyper- 
calciuria. Although there is a clearcut resorptive component to the hyper- 
calciuria in these patients, the 1,25-(OH),D-—mediated absorptive 
component is of far greater quantitative importance. In addition, the post- 
prandial increases in serum calcium resulting from the intestinal hyperab- 
sorption of calcium result in parathyroid suppression thus reversing the 
effects of PTH in the distal nephron. The net result is a pattern of calcium 
absorption and spillage of the absorbed load of calcium into the urine that 
is entirely analogous to the pattern of calcium absorption and excretion in 
patients with absorptive hypercalciuria. 

Patients with resorptive hypercalciuria have a primary disorder asso- 
ciated with an increased rate of resorption of bone mineral. The mobiliza- 
tion of calcium into the extracellular pool suppresses parathyroid function, 
1,25-(OH),D synthesis, and calcium absorption, and the filtered load of 
calcium is spilled into the urine. The best examples of resorptive hypercalci- 
uria are distal renal tubular acidosis, immobilization, rapidly progressive 
osteoporosis, malignant osteolysis, and thyrotoxicosis. Resorptive hypercal- 
ciuria does not figure prominantly in the differential diagnosis of the vast 
majority of patients with idiopathic hypercaiciuria. However, a resorptive 
component is present in the hypercalciuria of many patients with idiopathic 
hypercalciuria, as discussed above. 

A thorough understanding of the pathophysiological features summa- 
rized in Table 2 serves two major purposes. First, it goes well beyond the 
simplistic semantics used to describe these syndromes and reveals that the 
hypercalciuria in each syndrome results from the interplay of a number of 
complex pathophysiological variables. Second, although there are many 
points of pathophysiological similarity among the various subtypes of idi- 
opathic hypercalciuria, there are also distinctive points that must form the 
basis of differential diagnosis. 
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Diagnosis and Treatment 


The risk factor approach to the differential diagnosis of patients with cal- 
cium stone disease has been described elsewhere and is not covered in this 
review (2). Similarly, a comprehensive summary of the diagnosis and treat- 
ment of the hypercalciurias is available elsewhere (1, 11). We will briefly 
outline our own diagnostic approach. 

The presence and degree of hypercalciuria should be documented by two 
or more 24-hour urine collections performed on an unrestricted or high- 
normal (approximately 1000 mg) calcium diet known to contain normal 
quantities of protein (about 1 gm/kg/day) and sodium (about 100 
meq/day). Employing an unrestricted calcium intake in screening for 
hypercalciuria is imporiant because an increase in intestinal calcium ab- 
sorption is common to each of the major variants of idiopathic hypercalci- 
uria (excluding resorptive hypercalciuria). 

The secondary hypercalciurias require a high index of suspicion, but 
diagnosis is usually straightforward on the basis of the history, examination, 
and routine clinical techniques. Complete d:stal renal tubular acidosis is a 
destructive but eminently treatable disorder and must be carefully ruled 
out. This is most easily achieved by equipping the patients with a roll of 
nitrazine paper and demonstrating his or her ability to achieve a urine pH 
of 5.3 or less on serial recordings. Treatment of the secondary hypercalci- 
urias is disease-specific. Dietary hypercalciuria is identified by dietary his- 
tory and by employing a defined diet in’ mztabolic screening, as outlined 
above. 

Having eliminated the secondary hypercalciurias and dietary hypercalci- 
uria, the diagnosis of idiopathic hypercalciuria is achieved by exclusion. 
Although occasional patients with idiopathic hypercalciuria display an un- 
usually prominant resorptive component to zheir hypercalciuria, most well- 
documented examples of resorptive hypercalciuria occur among the 
secondary hypercalciurias. Therefore, the principal goal of differential diag- 
nosis is to segregate between the three major hypercalciuric subtypes illus- 
trated in Table 2. No approach to this differential diagnosis has received 
universal endorsement. Indeed, criteria fcr diagnosis vary considerably 
among investigators, as do reported incidence figures for the frequency of 
the various hypercalciuric subtypes in the hypercalciuric population. How- 
ever, there appears to be a growing consensus that patients with absorptive 
hypercalciuria constitute the clear majority of patients with idiopathic 
hypercalciuria. 

Subtle primary hyperparathyroidism must be seriously considered in any 
patient with a mean serum calcium of >10.0 mg/dl on three determinations 
performed fasting and with careful attention to sampling and analytical 
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technique. This diagnosis can be confirmed by further testing in approxi- 
mately 80% of patients so defined. In our experience, the oral calcium 
tolerance test is an extremely useful diagnostic tool in these patients, and 
the combination of induced hypercalcemia and inappropriate suppression 
of parathyroid function makes specific diagnosis a relatively simple matter 
(19). Other investigators have recommended the simultaneous measure- 
ment of ionized serum calcium and immunoreactive PTH by a sensitive 
antiserum for diagnosis (20). The “thiazide challenge” test is discouraged 
on the grounds of nonspecificity. The treatment of subtle hyperparathy- 
roidism is primarily surgical, and 80% of these patients harbor a small 
(<1 g) parathyroid adenoma. 

Having excluded subtle primary hyperparathyroidism, the diagnosis rests 
between renal and absorptive hypercalciuria. Criteria for differential diag- 
nosis include (a) coincident measurements of urinary calcium and para- 
thyroid function in the fasting state, (6) coincident measurements of 
calcium and total cyclic AMP excretion in 24-hour samples [renal hypercal- 
ciuria is diagnosed by the combination of hypercalciuria and increased 
cyclic AMP excretion on a restricted calcium intake (21); absorptive hyper- 
calciuria is diagnosed by the combination of hypercalciuria and suppressed 
cyclic AMP excretion in samples collected on a high-normal calcium in- 
take], and (c) characteristic responses to a standard oral calcium challenge 
(2). Again, we have been impressed with the diagnostic accuracy of the oral 
calcium tolerance test and regard it as the most reliable diagnostic tech- 
nique available. 

The thiazide diuretics are clearly the drugs of choice in patients with 
renal hypercalciuria, and are capable of reversing partially or completely all 
the pathophysiological features of the syndrome (16, 17). There is no con- 
sensus regarding optimal medical therapy in patients with absorptive hyper- 
calciuria. Oral phosphorus preparations and the thiazide diuretics are the 
two most widely used therapies in the US, but it is presently unclear 
whether either form of treatment can reverse the pathophysiological abnor- 
malities in patients with absorptive hypercalciuria or its apparent variants. 
Patients are routinely instructed to force hydration and restrict calcium 
intake, but these measures have never been conclusively shown to be effica- 
cious. 

Many physicians regard either oral phosphorus or thiazides as their 
front-line therapy for idiopathic hypercalciuria and question the necessity 
for subclassifying hypercalciuria patients into renal and absorptive sub- 
populations. Pending (a) further information regarding natural history and 
the potential for clinical bone involvement in either of these patient groups, 
and (b) the results of detailed follow-up studies of the effects of therapy in 
well-characterized patient groups, this question must remain unanswered. 


472 STEWART & BROADUS 


CONCLUSION 


From the foregoing, it should be clear that many important - questions 
regarding the pathogenesis of hypercalciuria remain unanswered. The area 
is further clouded by different diagnostic criteria, study conditions, and 
nomenclature employed by various investigators. Nonetheless, a clear con- 

ceptualization of the pathophysiology involved in the various hypercalciu- ` 
ric syndromes is an essential starting point in dealing with these patients, 
and will lead in most instances to a rational end successful therapeutic plan. 
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INTRODUCTION 


Every fifty minutes someone in the United States dies from ovarian cancer. 
There are 17,000 new cases every year, about one fifth of all cases of ovarian 
masses. Malignant tumors of the ovary may arise from epithelial, stromal, 
or germinal structures. Since over 85% of all ovarian cancers are of epi- 
thelial origin, they are the major focus of this discussion and are termed 
“ovarian cancer.” The reader is referred to other recent reviews for a 
discussion of ovarian tumors of stromal or germinal cell origin (1-3). 
The etiology of ovarian cancer is unknown; however, epidemiologic stud- 
ies implicate hormonal and environmental influences (4). Nulliparous 
women and those with a history of difficulty conceiving children have a 
higher incidence than multiparous women (5). Women with ovarian cancer 
have three to four times greater risk of developing breast cancer (6), an 
association that could suggest common etiologic factors. The evidence im- 
plicating environmental influences is equally circumstantial. Ovarian can- 
cer, virtually unheard of prior to the Industrial Revolution, has its greatest 
incidence in industrialized countries. Migrants to high incidence areas and 
their subsequent offspring develop ovarian cancer with a frequency ap- 
proaching that of natives of high incidence areas (7). Environmental expo- 
sure to asbestos and talc may play an etidlogic role, although firm proof is 
lacking (8). Female asbestos workers have a much higher than expected 
incidence of ovarian cancer (9), and one group of investigators has detected 
talc particles imbedded in human ovarian cancer specimens (10). There are 
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rare instances of families with many ovarian cancer victims, which might 
support a role for genetic influences in the cevelopment of ovarian cancer 
(11). However, no conclusive data on etiolcgy exist. 

In spite of our poor understanding of the factors responsible for the 
development of ovarian cancers, a number of careful studies have identified 
prognostic factors and important aspects of the natural history of the dis- 
ease, and defined necessary staging procedures. This new understanding 
forms a foundation for therapeutic strategies designed to control ovarian 
cancer. 


NATURAL HISTORY 


Ovarian cancer is generally a disease of postmenopausal or perimenopausal 
women that remains predominantly intraperitoneal throughout its course. 
Unfortunately, it tends to remain clinically silent until the disease is ad- 
vanced. In’ one large series of patients with ovarian cancer (12), initial signs 
and symptoms included abdominal pain (56%), abdominal swelling (46%), 
10-Ib weight change (usually loss) (31%), end abnormal vaginal bleeding 
(22%). The majority of these signs and symptoms already indicate disease 
spread out of the pelvis. Ovarian cancer kills its victims by causing progres- 
sive inanition and gastrointestinal and urinary tract obstruction that cannot 
be surgically reversed because of extensive intraabdominal carcinomatosis. 

Ovarian cancer spreads contiguously within the peritoneal cavity, 
through the flow of tumor-cell-containing ascitic fluid, and through the rich 
lymphatic drainage of the ovary. The lymphatics of the ovary drain primar- 
ily through the paraaortic chain and up to the diaphragm with secondary 
drainage to iliac nodes. The presence of ovarian cancer cells in the nodes 
alters the flow of lymph and produces hydrostatic pressure changes result- 
ing in ascites formation (13). This ascitic fuid bearing tumor cells bathes 
the peritoneal cavity and hemidiaphragms resulting in plaque-like tumor 
growth on virtually any peritoneal surface. Distant Hymphatic and hema- 
togenous metastases are seen occasionally. 


PROGNOSTIC FACTORS AND STAGING 


The FIGO staging scheme for ovarian cancer is shown in Table 1. The 
five-year survival of patients treated with surgery alone with Stage I disease 
(limited to ovaries) is about 67%; for Stage II disease (limited to true pelvis) 
about 25%; and for Stage III (intraperitoneal disease) and Stage IV disease 
(spread to liver parenchyma or extraperitoreal sites) about 5% (14). Thus, 
the stage of disease is a key prognostic factor. 

Although accurate staging hinges on a careful surgical procedure, a 
variety of noninvasive and minimally invasive tests are useful in defining the 
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Table 1 Staging scheme of the International Federation of Gynecology and Obstetrics 
for ovarian cancer and survival rates following surgery + irradiation and/or single agent 
chemotherapy 


Five-year 
Stage survival (%) 
I. Growth limited to ovaries 60 


A. Growth limited to one ovary; no ascites 

B. Growth limited to both ovaries; no ascites 

C. Tumor Stage IA or IB plus ascites or malignant cells in 
peritoneal washings 


II. Growth involving one or both ovaries with pelvic extension 39 
A. Extension or metastases or both to uterus or tubes or both 
B. Extension to other pelvic tissues 
C. Tumor Stage IIA or IIB plus ascites or malignant cells in 
peritoneal washings 


II. Growth involving one or both ovaries with intraperitoneal 
metastases outside the pelvis or positive retroperitoneal nodes, 
or both; tumor limited to true pelvis with histologically proven 
malignant extension to small bowel or omentum 6 


IV. Growth involving one or both ovaries with distant metastases; 
pleural effusion must contain malignant cells to indicate Stage IV 
disease; parenchymal liver metastases indicate Stage IV disease 4 


extent of disease. Bipedal lymphangiography can detect clinically unrecog- 
nized paraaortic node involvement. About 25% of patients thought at 
surgery to have Stage I or II disease can be shown by lymphangiography 
to have extrapelvic tumor involving the paraaortic nodes (15). Intravenous 
pyelography and barium enema examinations may aid in the detection of 
ureteral, bladder, and bowel encroachment. Ultrasonography may be useful 
in detecting small amounts of ascites, nodal enlargement, or masses not felt 
on physical examination. Abdominal computerized tomography is being 
studied as a noninvasive replacement for more invasive procedures. 

Peritoneoscopy allows inspection of peritoneal surfaces including the 
diaphragms, biopsy of suspicious lesions, and sampling of fluid for cytologi- 
cal evaluation. About 25% of patients with presumed localized disease 
undergoing peritoneoscopy were upstaged when subdiaphragmatic nodules 
undetected at surgery were found (16). Examination of peritoneal washing 
cytology in patients with no gross abnormality changed the stage of 12% 
of patients in another series (17). It is clear that peritoneoscopy is a useful 
adjunct to surgery in defining the extent of disease and thus in determining 
one important prognostic factor. 

A second prognostic factor in ovarian cancer is the amount of residual 
disease after debulking surgery. Aggressive cytoreductive surgery, which 
reduces residual tumor to deposits less than 1.5:cm in diameter, results in 
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improved survival (18). In fact, complete resection of tumor in patients with 
Stage III disease results in longer survival than incomplete resection of 
Stage II disease. While we have described extent of residual disease as a 
separate prognostic factor, stage and extent of residual disease are clearly 
linked. Historically, staging has been one approach to defining the amount 
of residual disease. The data on debulking surgery simply reinforces the 
importance of assessing the patient’s tumor burden, and points out that we 
must not adhere too rigidly to artificially derived staging schemes proposed 
prior to the development of effective staging and therapeutic measures. 

A third major prognostic factor in ovarian cancer is the histologic grade 
of the tumor. Several studies (19, 20) employing either the pattern of tumor 
growth or Broder’s classification for the degree of cellular atypia within the 
tumor have recorded significant differences in survival between well- and 
poorly differentiated tumors within each stage of disease. In one study (19), 
overall five-year survival of Stage II patients was 38%, but when patients 
were stratified according to histologic grade, those with little atypia (grade 
1) had an 80% five-year survival while those with highly anaplastic tumors 
(grades 3 and 4) had only a 10% five-year survival. 


THE ROLE OF SURGERY IN OVARIAN CANCER 


Despite all that has been learned about the natural history and patterns of 
spread in ovarian cancer, the majority of patients referred to Roswell Park 
Memorial Institute (83%) (21) and the National Cancer Institute (75%) 
(22) have had subumbilical or other limited incisions through which ade- 
quate examination of the upper abdomen would be virtually impossible. An 
adequate staging operation, in addition to total hysterectomy and bilateral 
salpingo-oophorectomy, should include (a) resection of as much disease as 
technically feasible to minimize residual disease and assure adequate tissue 
specimens for histologic grading; (b) examination and biopsy of paraaortic 
nodes; and (c) careful inspection of all peritoneal surfaces including the 
posterior gutters, both hemidiaphragms, and the liver surface. 

The present role of surgery in ovarian cancer is primarily to determine 
the pathological stage, reduce tumor bulk, and assess the completeness of 
the response to other treatment modalities. The one setting in which surgi- 
cal resection alone may be adequate treatment is in Stage IA well-differen- 
tiated (low grade) ovarian cancer in which 87% of patients survive five years 
without additional treatment (19). 


RESTAGING 


While accurate staging at initial surgery is critical, periodic restaging is also 
important both to assure that the 25% of patients who present with Stage 
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I or II disease are not progressing, and to evaluate the effects of treatment 
in the 75% of patients who present with advanced disease. The same 
features of the disease that cause the majority of patients to seek medical 
attention only after the disease has become advanced, often make detection 
of residual disease by clinical examination alone impossible. Certainly data 
accumulated to date have stressed the differences between clinical and 
pathologically documented complete responses. Between one third and one 
half of patients thought to be disease-free on clinical grounds are actually 
found to be pathologically disease-free at surgery (23). Those that were 
disease-free had a 72% five-year survival after restaging while those with 
tumors larger than 2 cm at “second look” operation had only a 17% 
five-year survival (23). 

‘The need for a restaging evaluation proceeding all the way to repeat 
laparotomy may be significantly reduced by the judicious use of the same 
noninvasive and minimally invasive tests employed in the initial staging of 
the patient. Lymph nodes with persistently abnormal lymphangiographic 
contours may be safely sampled nonsurgically by percutaneous aspiration 
of the lymph node under fluoroscopic guidance (24). Peritoneoscopy may 
eliminate the need for laparotomy in over one third of patients (22, 25). We 
have found 24 of 66 patients (36%) in clinical complete remission after 
chemotherapy had findings of residual disease at peritoneoscopy necessitat- 
ing continuation of therapy (22). Another group found 8 of 22 patients 
(36%) to have documented evidence of persistent disease at peritoneoscopy 
(25). The absence of findings of residual disease at peritoneoscopy cannot 
be a substitute for definitive restaging laparotomy, however. In one series, 
2 of 10 patients (20%) with negative peritoneoscopy had tumor at 
laparotomy (25), and in another series (22), 58% of patients with negative 
findings at peritoneoscopy were found to have residual disease at operation. 
Future trials stratified by prognostic factors and incorporating the princi- 
ples of accurate staging and restaging should provide more meaningful data 
on therapeutic efficacy. 


TREATMENT OF OVARIAN CANCER 


It is difficult to assess the value of a particular treatment regimen for ovarian 
cancer because the vast majority of-studies have failed (a) to assure a 
balance of patients with similar prognostic factors between treatment arms, 
(b) to adequately stage patients prior to treatment, (c) to document patho- 
logic disease-free status at the end of treatment, and (d) to carefully follow 
patients to detect recurrent disease at the earliest possible time. As a result, 
the clinician is unable to cull from the published literature the optimum 
therapy for patients with this disease. We shall attempt to summarize the 
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most important studies done to date and highlight what useful information 
has been learned. 


Radiation Therapy 


Trials of radiation therapy in both early and advanced stage disease have 
been reported. Techniques of administration of radiation therapy, though 
beyond the scope of this review, vary widely in their efficacy and incidence 
of complications. It is clear, however, that zhe best results with radiation 
therapy have been obtained with specialized approaches perfected and ap- 
plied at only a small number of referral centers. 

Several studies have attempted to document that postoperative pelvic 
radiation improves survival of Stage I patients, but none has succeeded 
(26-28). In fact, one randomized study showed twice as many relapses 
(35%) in the treated as in the untreated (17%) patients (28). 

None of the prospective stratified randomized trials document a role for 
pelvic radiation in Stage II ovarian cancer. In one study (26), Stage II 
patients given pelvic radiation had a 39% five-year survival as compared 
to 24% in the untreated group. This minimal difference is certainly not 
reassuring that radiation is helpful in presumed localized disease.. 

In view of the patterns of spread of ovarian cancer, Bush and his col- 
leagues at the Princess Margaret Hospital in Toronto use a unique total 
abdominal radiotherapy technique to deliver effective doses of radiation 
(2200 rads) to the upper abdomen and diaph-agms without untoward renal, 
hepatic, and bone marrow toxicity. They ccmpared pelvic radiation (4500 
rads) alone to pelvic radiation plus fixed low dose daily chlorambucil, or 
the unique total abdominal radiation approach in patients with Stages I and 
TI disease and in those Stage III patients with minimal residual disease (29). 
The patients receiving pelvic radiation alone had 50% four-year survival. 
The addition of chlorambucil resulted in 5£% four-year survival, and the 
addition of abdominal radiation resulted in 81% four-year survival. Unfor- 
tunately, the patients in this study were not adequately staged and stratified 
for extent of residual disease and the chemotherapy was not optimally 
_ administered. However, the study does suggest that pelvic radiotherapy 
results can be improved upon by expanding the ports to include areas at 
high risk from spreading disease. Interestingly, the Stage III patients in- 
cluded in this trial were those with the best chance of responding to combi- 
nation chemotherapy (30, 31) (see below). 

At Stanford, another selected group of Stage IH patients with paraaortic 
node involvement alone were treated with 4500 rads to the nodes in addition 
to abdominal and pelvic ports (15). Patients treated in this fashion had a 
53% five-year survival, significantly better than historical controls. 
Whether or not inclusion of the medial twa thirds of the hemidiaphragms 
in the radiation ports will improve the results awaits trial (32). 
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The role of radiotherapy in the treatment of ovarian cancer remains to 
be established. No study has yet defined a subgroup of patients for which 


radiation therapy is uniquely the best treatment. 


Chemotherapy 


There are many anticancer drugs with demonstrable activity as single 
agents in the treatment of ovarian cancer (Table 2). The assembly of such 
drugs into active combinations represents a significant improvement in the 
treatment of victims of this disease. Today the majority of patients with 


Table 2 Single agents active in advanced ovarian adenocarcinoma 


Drug 


Alkylating agents 
Melphalan 


Chlorambucil 


Thiotepa 
Cyclophosphamide 


Mechlorethamine 


Antimetabolites 


5-Fluorouracil 


Methotrexate 


Vinca alkaloids 


Vinblastine 

Miscellaneous 
Hexamethylmelamine 
Doxorubicin hydrochloride 


Progestogens 
Cisplatin 


Schedule 


0.2 mg/kg/day X 5 
p.o. or i.v. q 35 wk 


0.2 mg/kg/day p.o. 


` 10 mg/day X 15 courses i.v. 


50-150 mg/day p.o. 

400 mg/day X 4 days i.v. 
then 50-150 mg/day p.o. 
0.2 mg/kg/day X 2 i.v. 
then chlorambucil 


. 8-14 mg/day p.o. 


15 mg/kg/day X 5 then 
7.5 mg/kg q.o.d./34 wk 


` 15 mg/kg i.v./wk 


5 mg/day X 5-10 p.o. or 
iv. 3-4 wk - `. 
1-7.5 gm/m? i.v. wk with 
Jeukovorin rescue 


0.1-0.15 mg/kg/day X 
1-3 iv. 


8 mg/kg/day p.o. or 

6 mg/kg/day p.o. X 

14 days q 4 wk 

30 mg/m2/day X 3 iv. 
50 mg/m? i.v. q 3 wk 
200-600 mg/wk i.m. 
30 mg/m? daily i.v. X 3 
q 28 days 


Patients 


(no.) 


494 


280° 
144 
126 


104 
81 


81 
21 


16 


23 


16 


53 


18 
33 


50 
34 


_ Response 
rate (%) 


47 

(20 complete) 
50 ' 
65 
49 


37 
35 


32 
(18-20) 
33 
25 


13 
13 


41 


28 
36 


10 
27 
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advanced ovarian cancer can count on surviving longer as a result of chemo- 
therapy, making it the treatment of choice in advanced disease. The role of 
chemotherapy in early stage disease is still controversial. Let us examine the 
data on the effectiveness of chemotherapy in each stage of disease. 


STAGES I AND II (EARLY STAGE) The role of chemotherapy in the 
adjuvant setting is unsettled. Several randomized trials have been under- 
taken, but long-term follow-up is inadequate at this point to firmly establish 
the most appropriate management for the one patient in four presenting 
with disease limited to the pelvis. 

Adjuvant chemotherapy appears to be at least as good as intracavitary 
radioisotopes (33) at limiting recurrent disease. One single-arm study em- 
ploying adjuvant chlorambucil reported 94% five-year survival: iti 14 pa- 
tients with Stage I disease (34). Comparisons of radiation therapy and single 
alkylator agent treatment show chemotherapy to be as good or better. In 
a study randomizing Stage I patients to melphalan or pelvic plus abdominal 
radiation, no significant survival differences have been noted in six years of 
follow-up (28). Eighty-five percent of irradiated patients are disease-free as 
compared to 90% of melphalan-treated patients (28). 

The Ovarian Cancer Study Group, in conjunction with the Gynecologic — 
Oncology Group, has two ongoing studies that should help decide the most 
appropriate management for early stage disease. They are comparing mel- 
phalan to observation in Stage I patients with well- or moderately differen- 
tiated grades of tumor, and are comparing melphalan to intracavitary *2P 
in Stage I patients with ascites or tumor outside the ovarian capsule or with 
poorly differentiated grades of tumor. There is no survival data available as 
yet from these studies but they should help define the utility of adjuvant 
therapy in Stage I disease. 

With careful staging, the number of patients who remain with Stage II 
‘disease is quite small (16). Thus, in most studies in which careful staging 
has been done, Stage II and II patients have similar survivals. Two recent 
studies have examined the effects of single-agent chemotherapy and radioth- 
erapy in Stage II disease. In one study of patients not rigorously staged, 
treatment consisted of pelvic radiation, pelvic radiation followed by chlo- 
rambucil, or pelvic plus total abdominal radiotherapy with fields extended 
to include the diaphragms (35). There were no survival differences among 
the groups. The group at the M. D. Anderson Hospital randomized care- 
fully staged patients with minimal residual disease to receive either melpha- 
lan or pelvic plus abdominal radiotherapy (28). With 3-6 year follow-up, 
the percentages of disease-free patients are 58% and 55%, respectively. 
Thus, in Stage II disease, clearcut treatmen: recommendations are not yet 
possible. 
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The Ovarian Cancer Study Group, in conjunction with the Gynecologic 

Oncology Group, is comparing pelvic radiotherapy plus melphalan to mel- 
phalan alone in patients with Stage II disease. However, patient accrual to 
this protocol has been slow and definitive answers are probably ten years 
away. It is clear that true Stage II patients need some form of adjuvant 
treatment but no treatment modality is clearly superior at present. It is 
distressing that half these patients die of their disease within five years of 
diagnosis. 
STAGES III AND IV (ADVANCED STAGE) In advanced stage disease, the 
prolongation of survival by melphalan employed as a single agent has 
established chemotherapy as the treatment of choice: 35-65% of patients 
respond to melphalan and 20% of the responding patients will survive five 
years (36). The history of chemotherapy has taught us that when several 
independently active drugs are available, using them in combination often 
improves survival (37). 

Several studies have employed combination chemotherapy in previously 
untreated patients (Table 3). One study reported a 60% (25 of 41 patients) 
response rate from a regimen employing actinomycin D, 5-fluorouracil, cy- 
clophosphamide, vincristine, and prednisolone. Median duration of re- 
sponse was eight months with only two patients disease-free for more than 
one year (38). A four-drug combination regimen consisting of cyclophos- 
phamide, hexamethylmelamine, doxorubicin hydrochloride, and cis- 
platinum gave a 67% (8 of 12 patients) response rate, but the short duration 
of follow-up does not allow assessment of survival prolongation (39). These 
and other studies of combination regimens that have been carried out do 
not take into account histologic grade or extent of residual disease, and none 
of these studies compares combination to single-drug regimens. They do not 
address the key question of whether combination regimens are superior to 
single agents in the treatment of advanced disease. 

Two studies comparing actinomycin D, 5-fluorouracil, and cyclophos- 
phamide (ACFUCY) to single-agent L-PAM failed to translate slightly 
higher response rates to the combination therapy into prolonged survival 
(40, 41). The doxorubicin hydrochloride plus cyclophosphamide regimen 
has been compared to single-agent cyclophosphamide (31) and single-agent 
L-PAM (42) in separate studies. In neither study was the combination 
better than the single agent in patients with bulky residual disease, but in 
the former study doxorubicin hydrochloride plus cyclophosphamide was 
significantly more effective than single-agent cyclophosphamide in patients 
with minimal residual disease (31). 

The first prospective randomized trial to demonstrate the superiority of 
a combination regimen over standard single-agent alkylator therapy was 
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Table 3 Combination chemotherapy for ovarian cancer 














Complete Duration of © 

Regimen Responses responses response/survival Reference 
Actinomycin D 60% 5% 8 months/— 38 
5-FU 25/41 2/41 ' 
Cyclophosphamide 
Vincristine 
Prednisolone 
Cyclophosphamide 671% 25% N/A 39 
Hexamethylmelamine 8/12 3/12 
Doxorubicin hydrochloride 
Cis-platinum 
Doxorubicin hydrochloride 36% 6% . 6 months/12 months 31 
Cyclophosphamide 13/36 2/36 i 

vs 
Cyclophosphamide 31% 0 6 months/12 months 

< 11/35 . 

Doxorubicin hydrochloride 73% 54% —/10 months 42 
Cyclophosphamide 8/11 6/11 

vs 
L-PAM 29% 1% —/10 months 

. 4/14 1/14 .: 

Hexamethylmelamine 15% 33% >30 months/29 months 30 
Cyclophosphamide 30/40 13/40 complete remission’ 
Methotrexate i 
5-FU 

vs 
L-PAM 54% 16% >25 months/17 months 

20/37 6/37 complete remission 

Actinomycin D 53% ~- 28.6% ` —/>9 months 40 
5-FU 26/49 14/49 : 
Cyclophosphamide 

vs 
L-PAM 35% 18.4% | —/>9 months 

; 17/49 9/49 





done at the National Cancer Institute and compared hexamethylmelamine, 
cyclophosphamide, methotrexate, and '5-fluorouracil: (Hexa-CAF) to L- 
PAM (30). Hexa-CAF-treated patients had a higher response rate (75% vs 
54%), more complete remissions (33% vs 16%), and a prolonged median 
survival (29 vs 17 months). Patients with minimal residual disease after . 
initial surgery had a higher overall response rate than patients with bulky 
disease (84% vs 53%) and histologic grade was confirmed to be an impor- 
tant factor in predicting response (20). The effectiveness of the Hexa-CAF - 
regimen has subsequently been confirmed by other investigators (43). 
More recently, preliminary reports claim complete response rates of up 
to 52% (44) for regimens employing cis-platinum. However, follow-up is 
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too short at this time to determine whether these complete responses will 
have an impact on survival. 


RESPONSE TO CHEMOTHERAPY AFTER INITIAL TREATMENT FAIL- 
URE The optimistic response rates reported for platinum-containing com- 
binations acquire greater importance when it is recognized that initial 
treatment failures are remarkably resistant to second-line chemotherapy. 
For example, Hexa-CAF, which produces a 75% response rate in previ- 
ously untreated patients, caused only partial responses in 23% (3 of 13 
patients) after relapse from single-agent chemotherapy or radiotherapy 
(43). In 360 patients at M. D. Anderson Hospital who received a variety 
of treatments (including combinations) after failure of primary therapy, 
only 6% responded to second- or third-line drugs (45). Doxorubicin hydro- 
chloride, which has a 36% response rate in untreated ovarian cancer pa- 
tients, produced short-term partial responses in 3 of 56 patients who had 
failed initial chemotherapy (46, 47). A variety of combinations have been 
tried as salvage regimens for primary treatment failures. Hexamethylmela- 
mine plus 5-fluorouracil (36%) (48), doxorubicin hydrochloride plus cis- 
‘platinum (42%) (49), cyclophosphamide (or 5-fluorouracil) plus doxorubi- 
cin hydrochloride, hexamethylmelamine, and cis-platinum (48-67%) (50- 
52) all have moderate response rates. However, complete responses are 
extremely rare, duration of follow-up is short, and the toxicity of the combi- 
nation regimens is substantial in these previously heavily treated patients. 
Thus, until less toxic and more effective salvage regimens are found, com- 
plete response to initial therapy will be the major determinant of survival. 


New Approaches to the Treatment of Ovarian Cancer 

The use of nonspecific immunostimulants to enhance the effects of chemo- 
therapy in ovarian cancer has been proposed. Although most of the studies 
on this point suffer from being single-arm trials in heterogenous patient 
populations, two studies suggest that immunotherapy might be useful. The 
Gynecologic Oncology Group compared melphalan plus intravenous 
Corynebacterium parvum to a historical group who received melphalan 
alone (53). More patients receiving immunotherapy responded (53% vs 
29%) and the progression-free interval (12 vs 6 months) and survival (24 
vs 12 months) were twice as long as patients receiving melphalan alone (53). 
The Southwest Oncology Group randomized untreated patients to dox- 
orubicin hydrochloride plus cyclophosphamide with or without bacillus 
Calmette-Guerin (BCG) given by scarification. The patients receiving BCG 
had a higher response rate (53% vs 36%), more complete responses (12% 
vs 2%), and a median survival nearly twice as long (24 vs 13 months) as 
patients receiving chemotherapy alone (54). Complete information on the 
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comparability of prognostic factors in each treatment group is not available 
for either of these trials. However, such studies provide hope that im- 
munoadjuvants might improve response rates and survival in advanced 
disease when added to effective combination chemotherapy, and raise the 
question of whether immune therapy might be useful in early disease. 

The development of the Tenckhoff catheter, a chronic indwelling in- 
traperitoneal catheter, has allowed reconsideration of administering active 
agents intraperitoneally. Because ovarian cancer generally remains confined 
to the peritoneal cavity, intraperitoneal administration should allow higher 
concentrations of drugs to be maintained in direct contact with the tumor 
for longer periods and with less systemic toxicity than intravenous adminis- 
tration (55). Phase I trials with intraperitoneal methotrexate have shown 
that concentration gradients of 10-30-fold between peritoneum and plasma 
drug levels can be achieved (56). Though toxicities such as chemical 
peritonitis and myelosuppression have been noted, intracavitary adminis- 
tration of active drugs such as 5-fluorouracil (57) and doxorubicin hydro- 
chloride (58) and drug combinations may be a unique approach to the 
treatment of ovarian cancer, especially in the adjuvant setting or in patients 
with minimal residual disease. 

The capacity to establish in vitro conditions for the proliferation of 
human tumor stem cells (59) has allowed the development of an in vitro 
prediction of clinical responses to particular agents. The ability of a drug 
to inhibit colony formation in soft agar after 2 brief exposure has been found 
in 44 ovarian cancer patients to predict in vivo resistance with 99% ac- 
curacy and in vivo sensitivity with 64% accuracy (60). The earliest applica- 
tion of this technique will be to individualize salvage therapy in patients 
relapsing during primary therapy on the basis of in vitro susceptibility 
testing, much the same way that antibiotic susceptibility testing of bacterial 
isolates guides clinical decision-making in infectious diseases. 

New drug development and the study of useful drugs that have not been 
adequately tested in ovarian cancer are other areas in which research may © 
bring important advances in treatment. Bleomycin, procarbazine, and 
streptozotocin, whose dose-limiting toxicities are not myelosuppression, are 
candidates for more combinations. Mitomycin C and its derivative, porfiro- 
mycin, have not been carefully studied, and vinblastine deserves restudy in 
light of its activity as a salvage agent, as has been shown using the stem cell 
assay (60). In addition, the radiation- and chemotherapy-sensitizer 
misonidazole or a congener may be useful in the next generation of ovarian 
cancer treatment regimens. 

Basic science investigation has recently uncovered an interesting finding 
that may ultimately be of clinicai utility. Ovarian carcinomas arise in cells 
derived embryologically from Mullerian epithelium. In males, who have an 
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extraordinarily low incidence of epithelial gonadal tumors, Mullerian 
regression factor (MRF) causes involution of Mullerian epithelium during 
sexual differentiation. MRF purified from male embryos has cytotoxic 
effects on human ovarian cancer cells in vitro (61). If MRF becomes avail- 
able in bulk quantity (perhaps through recombinant DNA technology), it 
would be of interest to test its efficacy in patients with ovarian cancer. 


SUMMARY 


Several advances in the understanding of the biology and treatment of 
ovarian cancer over the past five years have changed the pessimistic view 
of this disease that was formerly commonplace. 

A cornerstone of the management of patients with ovarian cancer is 
careful pathological staging both prior to and at the cessation of therapy. 
Patients with all grades of Stage I lesions except the well-differentiated ones 
should have some form of adjuvant therapy, although the best choice is still 
unclear. Similarly, Stage II patients, though few in number, have only a 
50% chance of surviving five years without some adjuvant treatment. Since 
the best choice is unclear, it would be ideal if all such patients could be 
treated in a study setting. Every early stage patient treated off study slows 
the identification of definitive therapy. 

For the majority of patients with advanced disease, the treatment of 
choice is aggressive debulking surgery followed by combination chemother- 
apy. After six cycles of therapy, patients should be restaged sequentially 
moving all the way to repeat laparotomy, if necessary, to find residual 
disease before therapy is discontinued. If no disease is found, we randomize 
patients to either careful follow-up or six cycles of intraperitoneal adjuvant 
therapy in an effort to prevent relapse. 

If residual disease is found at restaging (but less disease than at the 
beginning of treatment), the patient is given six more cycles of combination 
chemotherapy, though often at reduced doses because of cumulative bone 
marrow toxicity. After the twelfth cycle of chemotherapy, restaging is 
repeated. If disease is still present, it is unlikely that the primary therapy 
will be curative; however, therapy is continued until progressive disease 
demands a change. 

The ongoing joint study sponsored by the Ovarian Cancer Study Group 
and the Gynecologic Oncology Group in early stage disease should assist 
the clinician in determining the role of adjuvant single-agent chemotherapy 
or radioisotopes. Given the poor prognosis associated with bulky residual 
Stage II disease, such patients might benefit from adjuvant combination 
chemotherapy. In advanced disease, a number of ongoing trials are attempt- 
ing to evaluate the role of radiation therapy in minimal residual Stage III 
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disease and to improve the efficacy of combination chemotherapy. This 
work along with research aimed at understanding etiology and prevention 
and speeding diagnosis may further improve the outlook of victims of this 


disease. 


Literature Cited 


1. 
2. 


10. 


et 


12. 


13. 


14. 


Scully, R. E. 1977. Ovarian tumors: a 
review. Am. J. Pathol. 87:686-720 
Steinberg, W. H., Dhurandhar, H. N. 
1977. Functional ovarian tumors of 
stromal and sex cord origin. Hum. 
Pathol. 8:565-82 


. Stenwig, J. T., Hazecamp, J. T., Bee- 


cham, J. B. 1979. Granulcsa cell tumors 
of the ovary: a clinicopathological study 
of 118 cases with long-term follow-up. 
Gynecol. Oncol. 7:136-52 


. Lingeman, C. H. 1974. Etiology of can- 


cer of the human ovary: a review. J. 
Natl. Cancer Inst. 53:1603-18 


. Beral, V., Fraser, P., Chilvers, C. 1978. 


Does pregnancy protect against ovarian 
cancer? Lancet 1:1083-87 


. Schottenfeld, D., Berg, J. 1971. Inci- 


dence of multiple primary cancers. IV. 
Cancers of the female breast and genital 
organs. J. Natl. Cancer Inst. 46:161-70 


. King, H., Haenszel, W. 1973. Cancer 


mortality among foreign- and native- 
born Chinese in the United States. J. 
Chron. Dis. 26:623-46 


. Longo, D. L., Young, R. C. 1979. Cos- 


metic talc and ovarian cancer. Lancet 
2:349-351 


. Newhouse, M. L., Berry, G., Wagner, J. 


L., Turok, M. E. 1972. A study of the 
mortality of female asbestos workers. 
Br. J. Ind. Med. 29:134—41 
Henderson, W. J., Joslin, C. A. F., 
Turnbull, A. C., Griffiths, K. 1971. Talc 
and carcinoma of the ovary and cervix. 
J. Obstet. Gynaecol. Br. Commonw. 
78:266-72 


Casagrande, J. T., Lowe, E. W., Pike,- 


M. C., Roy, S., Ross, R. K., Henderson, 
B. E. 1979. “Incessant ovulation” and 
ovarian cancer. Lancet 2:170-73 
Parker, R. T., Parker, C. H., Wilbanks, 
G. T. 1970. Cancer of the ovary. Am. J. 
Obstet. Gynecol. 108:878-93 
Feldman, G. B., Knapp, R. C. 1974. 
Lymphatic drainage of the peritoneal 
cavity and its significance in ovarian 
cancer. Am. J. Obstet. Gynecol. 119: 
991-94 

Tobias, J. S., Griffiths, C. T. 1976. Man- 
agement of ovarian cancer: current con- 
cepts and future prospects. N. Engl. J. 
Med. 294:818-23, 877-82 


° 


15. 


16. 


17. 


18. 


19. 


20. 


21. 


22. 


23. 


24. 


25. 


Ftks, Z., Bagshaw, M. A. 1975. The 
rationale for curative radiotherapy for 
ovarian cancer. Int. J. Radiat. Oncol. 
Biol. Phys. 1:21-32 7 
Rosenoff, S. H., Young, R. C., Ander- 
soa, T., Bagley, C., Chabner, B., Schein, 
P. S., Hubbard, S., DeVita, V. T. 1975. 
Peritoneoscopy: a valuable staging tool 
in ovarian cancer. Ann. Intern. Med. 
83:37-41 

DePalo, G., Musumeci, R., Kendla, R., 
et al. 1980. The reassessment of patients 
with ovarian carcinoma. Eur. J. Cancer. 
In press 

Gziffiths, C. T., Fuller, A. F. 1978. In- 
tensive surgical and chemotherapeutic 
management of advanced ovarian can- 
cer. Surg. Clin. North Am. 58:131-42 
Malkasian, G. D., Decker, D. G., 
Webb, M. J. 1975. Histology of epi- 
thelial tumors of the ovary: clinical use- 
fulness and prognostic significance of 
histologic classification and grading. Se- 
min. Oncol. 2:191-201 

Ozols, R. F., Garvin, A. J., Costa, J., 
Simon, R. M., Young, R. C. 1978. His- 
tologic grade in advanced ovarian can- 
cer. Cancer Treat. Rep. 63:255—63 
Piver, S. M., Lele, S., Barlow, J. J. 1976. 
Preoperative and intraoperative evolu- 
tion in ovarian malignancy. Obstet. 
Gynecol. 48:312-15 

Ozols, R. F., Fisher, R. I., Anderson, 
T, Young, R. C. 1979. Peritoneoscopy 
in ovarian cancer: a safe and valuable 
procedure for staging and followup. 
Proc. Am. Assoc. Cancer Res. 20:408 
Smith, J. P., Schwartz, P. E. 1980. Sec- 
ond-look laparotomy and prognosis re- 
lated to extent of residual disease. In 
Therapeutic Progress in Ovarian Cancer, 
Testicular Cancer and the Sarcomas, 
ed. A. VanOosterom, F. M. Muggia, F. 
J. Cletons, pp. 77-94. The Hague: Mar- 
tinus Nijhoff 

Cunnick, N. R., Fisher, R. I., Chu, E. 
W., Young, R. C. 1980. Percutaneous 
aspiration of retroperitoneal lymph 
nodes in ovarian cancer. Am. J. Roent- 
gznol. 135:109-13 

Fiver, M. S., Lele, S. B., Barlow, J. J., 
Gamana, M. 1980. Second-look 
leparoscopy with cytologic washings 


26. 


27. 


28. 


29. 


30. 


31. 


32. 


33. 


34. 


35. 


36. 


37. 


and biopsies prior to proposed second- 
look laparotomy. Obstet. Gynecol. In 
press 

Fuks, Z. 1975. External radiotherapy of 
ovarian cancer: standard approaches 
and new frontiers. Semin. Oncol. 2: 


"253-63 


Hreschyshyn, M. M., Norris, H. G., 
Park, R. 1978. Postoperative treatment 
of resectable malignant and possibly 
malignant epithelial ovarian tumors 
with radiotherapy, melphalan, or no 
treatment. Proc. XII Int. Cancer Congr. 
12:157 

Douin, P., Rutledge, F. N., Delclos, L. 
Smith, J. P. 1979. Comparison of exter- 
nal radiotherapy and chemotherapy in 
ovarian cancer. Ann. R. Coll. Physicians 
Surg. Can. 12:61 

Dembo, A. J., Bush, R. S., Beale, F. A., 


et al. 1979. "Ovarian carcinoma: im. 


proved survival following abdominopel- 


„vic irradiation in patients with a com- 


pleted pelvic operation. Am. J. Obstet. 
ee) 134:793-99 

Young, R. C., Chabner, B. A., Hub- 
bard, S. M., et al. 1978. Advanced 
ovarian adenocarcinoma: a prospective 
clinical trial of melphalan (L-PAM) 
versus combination chemotherapy. N. 
Engl. J. Med. 299:1261-66 
Edmonson, H. J’, Fleming, T. R. 
Decker, D. G., et al. 1979. Different 
therapeutic sensitivities and host factors 
affecting prognosis in advanced ovarian 
carcinoma versus minimal residual dis- 
ease. Cancer Treat. Rep. 63:241-47 
Glatstein, E., Fuks, Z., Bagshaw, M. A. 
1977. Diaphragmatic treatment in 
ovarian carcinoma: a new radio- 
therapeutic technique. Int. J. Radiat. 
Oncol. Biol. Phys. 2:357-63 

Julian, C. J., Inalsingh, C. H. A., Bur- 
nett, L. S. 1978. Radioactive phos- 
phorus and external radiation as an ad- 
juvant to surgery for ovarian car- 
cinoma. Obstet. Gynecol. 52:155-63 
Julian, C. J., Woodruff, S. D. 1969. The 
role of chemotherapy i in the treatment 
of primary ovarian malignancy. Obstet. 
Gynecol. Surv, 11:1307-42 

Bush, R: S., Allt, W. E. C., Beale, F. A., 
et al. 1977. Treatment of epithelial car- 
cinoma of the ovary. Surgery, irradia- 
tion, and chemotherapy. Am. J. Obstet. 
Gynecol. 127: "692-104 

Smith, J. P., Rutledge, F. N. 1970. Che- 
motherapy i in the treatment of cancer of 
the ovary. Am. J. Obstet. Gynecol. 
107:691-714 

DeVita, V. T., Schein, P. S. 1973. The 
use of drugs in combination for the 


38. 


39. 


41. 


42. 


43. 


45. 


46. 


47. 


48. 


49. 


OVARIAN CANCER 489 


treatment of cancer: rationale and re- 
sults. N. Engl. J. Med. 288:998-1006 
Dimitriades, M., Papadimetriou, C., et 
al. 1978. Chemotherapy of ovarian can- 
cer. Int. Surg. 63/2:81-84 

Vogl, S. E., Berenzweig, M., Kaplan, 


‘B. H., et al. 1979. The CHAD and 


HAD regimens in advanced ovarian 
cancer: combination chemotherapy in- 
cluding cyclophosphamide, hexame- 
thylmelamine, adriamycin, and cis- 
dichlorodiammine platinum (iI). Can- 
cer Treat. Rep. 63:311-17 


. Smith, J..P., Rutledge, F. N., Wharton, 


J. T. 1972. Chemotherapy of ovarian 
cancer: new approaches to treatment. 
Cancer 30:1565-71 

Barlow, J. J., Piver, M. S. 1977. Single 
agent versus combination chemother- 
apy in the treatment of ovarian cancer. 
Obstet. Cesc 49:609-11 
Turbow, M. M., Fuks, Z., Glatstein, E. 
1978. Chemotherapy of ovarian car- 
cinoma: randomization between mel- 
phalan and adriamycin-cyclophospha- 
mide. Proc. Am. Assoc. Cancer Res. 
19:394 

Neijt, J. P., VanLindert, A. C. M., Ven- 
drijk, C. P. J., et al. 1979. Hexa-CAF 
combination chemotherapy and other 
multiple drug regimens in advanced 
ovarian carcinoma: present and future. 
Neth. J. Med. 22:1-12 


. Young, R. C., VonHoff, D. D., Gorm- 


ley, P., etal. 1979. Cis-dichlorodiam- 
mine platinum (II) for the treatment of 
advanced ovarian cancer. Cancer Treat. 
Rep. 63:1539-44 

Stanhope, R. C., Smith, J. P., Rutledge, 
F. 1977. Second trial drugs in ovarian 
cancer. Gynecol. Oncol. 5:52-58 
Bolis, G., D’Incalci, M., Gramellini, F. 
et al. 1978. Adriamycin in ovarian can- 
cer patients resistant to cyclophospha- 
mide. Eur. J. Cancer 14:1401-5 
Hubbard, S. M., Barkes, P., Young, 
R. C. 1978. Adriamycin therapy for 
advanced ovarian carcinoma after che- 
motherapy. Cancer Treat. Rep. 62: 
1375-79 

Kardinal, C. G., Luce, J. K. 1977. Eval- 
uation of a hexamethylmelamine and 5- 
fluorouracil combination in the treat- 
ment of advanced ovarian carcinoma. 
Cancer Treat. Rep. 61:1691-94 
Briscol, K. E., Pasmantier, M. W., Oh- 
numa, T, et al 1978. Cis- 
dichlorodiammine platinum (II) and 
adriamycin treatment of advanced 
ovarian cancer. Cancer Treat. Rep. 
62:1027-31 


490 


50. 


51. 


52. 


53. 


54. 


LONGO & YOUNG 


Alberts, D. S., Hilgers, R. D., Moon, T. 
E. 1979. Combination chemotherapy 
for alkylator-resistant ovarian car- 
cinoma: a preliminary report of a 
Southwest Oncology Group trial. Can- 
cer Treat. Rep: 63:301-6 

Kane, R., Harvey, H., Andrews, T., et 
al, 1979, Phase II trial of cyclophospha- 
mide, hexamethylmelamine, adriamy- 
cin, and cis-dichlorodiammine plati- 
num (II) combination chemotherapy in 
advanced ovarian carcinoma. Cancer 
Treat. Rep. 63:307-10 

Bruckner, H. W., Ratner, L. H., Cohen, 
C. J., et al. 1978. Combination chemo- 
therapy for ovarian cancer with cyclo- 
phosphamide, adriamycin, and cis- 


dichlorodiammine platinum (II) after . 


failure of initial chemotherapy. Cancer 
Treat. Rep. 62:1021-26 : 
Creasman, W. J., Gall, S. A., Blessing, 
J. A. et al. 1979. Chemoimmunoth- 
erapy in the management of primary 
Stage III ovarian cancer: a Gynecologic 
Oncology Group study. Cancer Treat. 
Rep. 63:319-24 

Alberts, D. S., Moon, T. E., Stephens, 
R. A., et al. 1979. Randomized study of 
chemoimmunotherapy for advanced 
ovarian carcinoma: a preliminary re- 


‘port of the Southwest Oncology Group. 


Cancer Treat. Rep. 63:325-32 


55. 


56. 


57. 


58. 


59. 


60. 


6i. 


Dedrick, R. L., Myers, C. E., Bungay, 
P. N., DeVita, V. T. 1978. Pharmacoki- 
netic rationale for peritoneal drug ad- 
ministration in the treatment of ovarian 
cancer. Cancer Treat. Rep. 62:1-11 
Jcnes, R. B., Myers, C. E., Guarino, A. 
M., et al. 1978. High volume in- 
traperitoneal chemotherapy- (“belly 
bath”) for ovarian cancer: Phar- 
macologic basis and early results. Can- 
cer Chemother. Pharmacol. 1:161-65 
Speyer, J. L., Collins, J. M., Dedrick, R. 
L., et al. 1980. Phase I and pharmaco- 
lcgical studies of 5-fluorouracil admin- 
istered intraperitoneally Cancer Res. 
40:567-71 

Ozols, R., Grotzinger, K., Myers, C., 
Young, R. C. 1979. Ovarian cancer: in- 
traperitoneal therapy with adriamycin, 
Froc. Am. Assoc. Cancer Res. 20:242 
Hamburger, A. W., Salmon, S. E. 1977. 
Primary bioassay of human tumor stem 
cells. Science 197:461-63 

Salmon, S. E., Scehnien, B., Alberts, D. 
S 1980. New drugs in ovarian cancer: in 
v-tro phase II screening with the human 
tumor stem cell assay. See Ref. 23, pp. 
113-28 

Donahoe, P. K., Swann, D. A., et al. 
1979. Mullerian duct regression in the 
embryo correlated with cytotoxic activ- 
ity against human ovarian cancer. 
Science 205:913-15 


Ann, Rev, Med. 1981. 32:491-97 
Copyright © 1981 by Annual Reviews Inc. All rights reserved 


CHRONIC MUCOCUTANEOUS #7414 
CANDIDIASIS 


John M. Dwyer, M.D., Ph.D.} 
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New Haven, Connecticut 06510 


The fungus Candida albicans lives within the intestinal flora of man and 
remains a harmless saprophyte while its proliferation is limited by intestinal 
bacteria, secretory IgA (1), cell-mediated immunity (2), and other non- 
specific mechanisms currently poorly understood. The failure of any of 
these homeostatic mechanisms results in fungal overgrowth, whereupon C. 
albicans becomes a pathogen. Chronic mucocutaneous candidiasis (CMC) 
is a syndrome resulting from such proliferation in which the skin and nails 
as well as oral, esophageal, and genital mucosa become chronically infected 
(3). CMC is not a single disease entity but represents the final common 
clinical pathway resulting when one or more of the complex defense mecha- 
nisms restricting C. albicans proliferation is defective. At least five distinct 
clinical subdivisions of the CMC syndrome can be described. 


Juvenile Onset Candidiasis 


CMC may develop within the first few weeks or months of life. Chronic, 
occasionally granulomatous infection is established causing thrush, a papu- 
lar diaper rash, nail dystrophy, infection of the scalp, glabrous skin, and 
genital mucosa (4-7). The skin lesions gradually progress into widespread 
erythematous lesions (4). Dermatophyte infections commonly complicate 
the picture (2). Fungal infections predominate, but patients often develop 
recurrent bacterial pneumonias and bronchiectasis, as well as infections 
with herpes simplex, zoster, and opportunistic organisms (4, 8, 9). Occa- 
sionally the disease occurs in families and both recessive and dominant 


Dr. Dwyer is an Investigator for the Howard Hughes Medical Institute. 


` 491 
0066-4219/81/0401-0491$01.00 


492 DWYER 


patterns of inheritance have been described (10, 11). Patients with Type I 
CMC frequently have multiple defects in cell-mediated immunity (CMI). 
However, it should be noted that (a) many patients with similar immuno- 
logical defects do not have CMC; and (b) CMI defects may be limited to 
the antigens of C. albicans and a few others since patients often have 
excellent CMI responses to alternate antigens. One faces a “chicken or the 
egg” conundrum in attempting to blame CMI defects for CMC. Chronic 
infection, particularly granulomatous infection, can cause immunosuppres- 
sion (12) and cases of CMC have been described in which early in the 
disease no immunological defects exist, such changes occurring only after 
a number of months or even a year of infeciion (8). Whether defects in T 
cell function are primary or secondary they seem to be, at the very least, 
associated with perpetuation of the infection: ample evidence suggests that 
clinical improvement follows restoration of cell-mediated immune function 
to candida (see below). So far the following defects in CMI have been 
described in Type I CMC. (a) Patients are unable to produce delayed 
hypersensitivity to all skin test antigens or in some cases only to C. albicans 
(8). (6) Lymphocyte transformation to candida antigens in vitro is intact 
but lymphokine production and macrophage inhibition factor (MIF) are 
abnormal (13, 14). (c) Lymphocyte transformation (a T cell response) is 
deficient, but MIF production is normal, an apparent anomaly; but note 
that MIF release does not need DNA synthesis and a lymphokine may be 
released by B cells as well as by T cells (14, 15). (d) Both lymphocyte 
transformation and lymphokine release are abnormal (4). (e) A soluble 
inhibitor of lymphocyte transformation to C. albicans is present in plasma 
(5). (/) A serum inhibitory factor that prevents the killing of C. albicans in 
vitro is present (16). (g) Responses of manocytes (essential for delayed ° 
hypersensitivity responses to chemotactic stimuli) are impaired (17) and 
macrophage function is disturbed (18). In addition, abnormal complement 
function and IgA deficiency have been described in some patients (1). 


Candidiasis Endocrinopathy Syndrome 


The association of CMC with hypofunction of one or more endocrine 
organs is referred to as the candidiasis endocrinopathy syndrome (CES). 
Many reports of this syndrome document the association of a wide spec- 
trum of endocrine and nonendocrine organ dysfunction with CMC (19, 20). 
In one study (21), 8 of 12 cases showed evidence of hepatitis almost cer- 
tainly due to autoimmune active chronic hepatitis (19). Of 31 cases with 
CES (20), pernicious anemia was present in seven and alopecia totalis in six. 
` Other nonendocrine findings reported include pulmonary fibrosis (21), 
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-- enamel hypoplasia, and keratoconjunctivitis (22). Hypoparathyroidism is 
the most common endocrine defect followed by adrenal failure (22). Other 
associations reported include chronic lymphocytic thyroiditis (23), diabetes 
mellitus, ovarian failure, and ACTH deficiency (24). CES can also be 
familial (19, 25). In a recent family study (19) a number of clinically affected 
and nonaffected members had demonstrable abnormalities in im- 
munoregulatory T cells. The disordered immunoregulation in CES may 
explain the autoimmune disease, absent IgA and elevated IgE levels, poly- 
clonal hypergammaglobulinemia, and pronounced failure of lymphocytes 
to respond to in vitro challenge with candida antigens found in many 
members of this family. The most difficult aspect of this disease to explain, 
as in all CMC, remained the candidiasis itself. In CES as elsewhere it 
appears that an effective host response to this fungus requires optimal 
integrity and cooperation among the various participants of the immune 
response. 


Later Onset 


The forms of CMC mentioned above usually occur early in life. There is 
another form of candidiasis that occurs during the end of the first or early 
in the second decade and is usually not associated with a history of suscepti- 
bility to infectious disease during infancy. Such patients tend to have milder 
disease and often, after treatment with antifungal therapy, spontaneously 
develop CMI to C. albicans (8). 


CMC and Thymoma 


Another group of patients with CMC are apparently healthy during child- 
hood and young adult life, but during or after the fourth decade they 
develop CMC. The infection is very resistant to antifungal agents and the 
group is characterized by the presence, in the majority of patients, of a 
thymoma. CMI to C. albicans is often suppressed and antinuclear and other 
autoantibodies are frequently present. Thymic hormone levels are normal 
in plasma but plasma inhibitors of the response to candida have been found 
in some patients. Tumors are rare outside the thymus but neoplastic 
changes can occur within the gland itself. While the syndrome is not asso- 
ciated with endocrine disorders, it has been reported frequently in associa- 
tion with myasthenia gravis, myositis, alopecia areata, pernicious anemia, 
hypogammaglobulinemia, vitiligo, and lymphocytic leukemia (26). 


CMC without Associated Abnormalities 


Perhaps 25-30% of patients with CMC have no immunological defects. 
Despite apparently normal CMI responses to candida these patients appear 
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to have little defense against this organism. Such cases may be milder than 
those with clear-cut immunological defects but the author has seen severe 
disease including destructive esophageal lesions in this group. It should be 
noted that, in contradistinction to the patient with generalized immunodefi- 
ciency, systemic candidiasis does not occur in any of the conditions de- 
scribed above. 


Treatment 


CMC remains incurable but currently available therapy significantly re- 
duces the morbidity suffered by most patients. Topical therapy with the 
nystatin or imidazole group of drugs is useful adjunct therapy (8). Am- 
photericin B is generally very effective but the well-known side-effects limit 
its application. Iron deficiency is a constant fmding in CMC even in patients 
with a normal hemoglobin. In patients with delayed onset CMC, restoration 
of normal iron levels effectively minimizes the clinical manifestations of the 
disease and even normalizes inimune responses (3). In 50-75% of patients 
with defects in CMI (generalized or candidz specific) transfer factor (TF), 
a low molecular weight dialyzable substance obtained from normal leuko- 
cytes, improves the clinical condition (27, 28). TF must be obtained from 
donors who exhibit strong delayed hypersensitivity reactions to Candida 
albicans (30). TF is most effective when the antigen load is first reduced by 
amphotericin B and a synergistic effect was reported when TF was adminis- 
tered along with fetal thymic tissue (30). The thymic hormone, thymosin, 
does not improve CMC (31), a fact that correlates with earlier reports of 
normal plasma thymic hormone levels in such patients (32). 

Increased attention is being paid to esophageal infection in all forms of 
CMC (33). Severe esophagitis with burning, dysphagia, and nausea are 
common. Mucosal infiltration sets up an inflammatory response probably 
activated by the alternate pathway of complement and results in problems 
ranging from discomfort to a stricture severe enough to require dilatation 
(11). Systemic treatment of CMC will assist the esophagitis but local 
therapy may also be useful. Gargling and swallowing an amphotericin 
solution six times per day is of proven value (34). Topically applied am- 
photericin cream (3%) may assist vulvovaginal and perirectal infection. 
Miconazole administered intravenously has helped some patients but initial 
enthusiasm for this drug has waned (35). The drug requires an extended 
period of administration but is much less toxic than amphotericin B. Clo- 
trimazole, useful topically, is very effective when taken orally but gastroin- 
testinal side-effects prevent all but a few patients from taking the drug. 
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Clotrimazole troches have been used more successfully (36). Ten of ten 
recipients experienced a marked regression of symptoms and mucosal le- 
sions when using 5 X 10 mg troches per day. Of the drugs currently under 
investigation, the most promising appears to be the imidazole derivative 
ketoconazole. At an international symposium on this drug held in Colombia 
in 1979, it was reported? that of 30 patients with CMC treated with 
ketoconazole, 17% were moderately improved, 40% markedly improved, 
and 40% apparently cured. Two other potential advances require further 
clinical study. Levamisole, also an imidazole derivative, nonspecifically 
enhances various parameters of the immune response. Though not without 
side-effects (severe granulocytopenia has been observed), neutrophil chemo- 
tactic defects in many patients including those with CMC have been im- 
proved by this drug (37). Another nonspecific enhancer of cell-mediated 
immunity is the H-2 histamine receptor antagonist, cimetidine. Suppressor 
cells carry surface H-2 histamine receptors, and antagonists may enhance 
the ability of effector cells to produce strong cell-mediated immunity by 
depressing suppressor cells (38). In four patients with CMC, a four- 
week course of cimetidine (300 mg qid) produced good delayed hypersen- 
sitivity and lymphokine production after stimulation with candida anti- 
gens (39). No demonstrable clinical improvement occurred with this short 
course of therapy and long-term studies are needed to prove its effective- 
ness. 

The pathogenesis of CMC no doubt holds many lessons for the im- 
munologist, endocrinologist, and dermatologist. The ultimate clinical ad- 
vances, however, are unlikely to be made until we can answer that most 
fundamental and still most puzzling of relevant questions: how is Candida 
albicans usually kept in its place? 


2J, Symoens, M. Moens, J. Dom, H. Scheijgrond, J. Dony, V. Schuermans, R. Legendre, 
N. Finestine. 


496 


DWYER 


Literature Cited 


1. 


10. 


11. 


Chilgren, R. A., Quie, P. G., Meu- 
wissen, H. J. 1967. Chronic mucocu- 
taneous candidiasis deficiency of de- 
layed hypersensitivity, and selective lo- 
cal antibody defect. Lanset 2:688-93 


. Valdimarsson, H., Higgs, J. M., Wells, 


R. S., Yamamura, M., Hobbs, J. R., 
Holg, P. J. L. 1973. Immune abnormali- 
ties associated with chronic mucocu- 
taneous candidiasis. Cell Immunol. 
6:348-61 


. Rosman, N. 1979. Chronic mucocu- 


taneous candidiasis. Postgrad. Med. J. 
55:611-14 


. Kirkpatrick, C. H., Montes, L. F. 1974. 


Chronic muco-cutaneous candidiasis. J. 
Cutan. Pathol. 1:211-29 


. Canales, L., Middlemas, R. O., Louro, 


J. M. 1969. Immunolozical observa- 
tions in chronic muco-cutaneous can- 
didiasis. Lancet 2:567—70 


. Edwards, J. E., Lehrer, R. I., Stiehm, E. 


R., Fischer, T. J., Young, L. S. 1978. 
Severe candidal infections. Clinical per- 
spective, immune defense mechanisms, 
and current concepts of therapy. Ann. 
Intern. Med. 89:91-106 


. Chilgren, R. A., Meuewissen, H. J., 


Quie, P. G., Good, R. A., Hong, R. 
1969. The cellular immune defect in 
chronic mucocutaneous candidiasis. 
Lancet 2:1286-88 


. Sams, W. M., Jorizzo, J. L., Snyder- 


man, R., Jegasothy, B. V. Ward, F. E., 
Weiner, M., Wilson, J. G, Young, W 

J., Dillard, S. B. 1979. Chronic mucocu- 
taneous candidiasis. Immunologic stud- 
ies of three generations of a single fam- 
ily. Am. J. Med. 67:948-59 


. Chipps, B. E., Saulsbury, F. T., Hsu, S. 


H., Hughes, W. T., Winkelstein, J. A. 
1979. Non-candidal infections in chil- 
dren with chronic mucocutaneous can- 
didiasis. Johns Hopkins Med. J. 144: 
175-79 

Wuepper, K. D., Fudenberg, H. H. 
1967. Moniliasis, “auto-immune” po- 
lyendocrinopathy, and immunologic 
family study. Clin. Exp. Immunol. 
2:71-82 

Kirkpatrick, C. H., Rich, R. R., Ben- 
nett, J. E. 1971. Chronic mucocutane- 
ous candidiasis. Model-building in cel- 


- lular immunity. Ann. Intern. Med. 


12. 


74:955-78 

Dwyer, J. M., Mangi, R. J., Gee, B., 
Kantor, F. S. 1976. Comparison of the 
anergy of sarcoidosis with experimen- 
tally induced anergy in guinea pigs. 
Ann. NY Acad. Sci. 278:29-35 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


21. 


` drenocorticism, 


22. 


23. 


24. 


Lehner, T., Wilton, J. M. A., Ivanyi, 
L. 1972. Immunodeficiencies in chro- 
nic mucocutaneous candidosis. Im- 
munology 22:775-87 

VanScoy, R. E., Hill, H. R:, Ritts, R. 
E. Jr., Quie, P. G. 1975. Familial neu- 
trophil chemotaxis defect, recurrent 


bacterial infections, mucocutaneous 
can- 
didiasis, and hyperimmunoglobu- 


linemia E. Ann. Intern. Med. 82:766-71 
Goldberg, L. S., Bluestone, R., Barnett, 
E. V., Landau, J. W. 1971. Studies 
on lymphocyte and monocyte function 
in chronic mucocutaneous candidiasis. 
Clin. Exp. Immunol. 8:37-43 
Chilgren, R. A., Oh, M., Hong, R. 
1969. Inhibition of polymorphonuclear 
killing of Candida albicans. Fed. Proc. 
28:498 

Synderman, R., Altman, L. C., Frankel, 
A. 1973. Defective mononuclear leuko- 
cyte chemotaxis. A previously unrecog- 
nized immune dysfunction. Ann. Intern. 
Med. 78:509-13 

Quie, P. G., Chilgren, R. A. 1971. 
Acute disseminated and chronic muco- 
cutaneous candidiasis. Semin Hematol. 
8:227-42 

Arulanantham, K., Dwyer, J. M., Ge- 
nel, M. 1979. Defective immunoregula- 
tion in familial candidiasis endo- 
crinopathy syndrome. N. Engl. J. Med. 
300:164-68 

Blizzard, R. M., Gibbs, J. H. 1968. 
Studies ‘pertaining to its association 
with endocrinopathies and pernicious 
anemia. Pediatrics 42:231-37 
Whitaker, J., Landing, B. H., Essel- 
born, V. M., Williams, R. R. 1956. Syn- 
drome of familial juvenile hypoa- 
hypoparathyroidism 
and superficial moniliasis. J. Clin. En- 
docrinol. 16:1374-87 

Hermans, P. E., Ulrich, J. A., Marko- 
witz, H. 1969. Chronic mucocutaneous 
candidiasis as a surface expression of 
deep seated abnormalities. Am. J. Med. 
47:503-19 

Kenny, F. M.. Holliday, M. A. 1964. 
Hypoparathyroidism, moniliasis, Ad- 
dison’s disease and Hashimoto’s dis- 
ease. Hypercalcemia treated with in- 
travenously administered sodium sul- 
phate. N. Engl. J. Med. 271:708-13 
Castells, S., Fikrig, S., Inamdar, S., 
Orti, E. 1971. Familial moniliasis, de- 
festive delayed hypersensitivity and 
adrenocorticotropic hormone def- 
ciency. J. Pediatr. 19:12-19 


25. 
26. 


27. 


28. 


29. 


30. 


31. 


32. 


CHRONIC MUCOCUTANEOUS CANDIDIASIS 


Kroll, J. J., Einbinder, J. M., Merz, W. 
G. 1973. Muco-cutaneous candidiasis in 
a mother and son, Arch. Dermatol. 
108:259-61 
Kirkpatrick, C. H., Windhorst, D. B. 
1979. Mucocutaneous candidiasis and 
thymoma. Am. J. Med. 939-45 
Shulkind, M. L., Adler, W. H., Al- 
temeir, W. A. III, Ayoub, E. M. 1972. 
Transfer factor in the treatment of a 
case of chronic mucocutaneous can- 
didiasis. Cell. Immunol. 3:606-15 
Fudenberg, H. H., Spitler, L. E., Levin, 
A. S. 1972. Treatment of immune defi- 
ciency. Am. J. Pathol. 69:529-35 
Littman, B. H., Rocklin, R. E., Park- 
man, R., David, J. R. 1978. Transfer 
factor treatment of chronic mucocu- 
taneous’ candidiasis: requirement for 
donor reactivity to candida antigen. 
oe Immunol. Immunopathol. 9:97- 
0 
Ballow, M., Hyman, L. W. 1977. Com- 
bination immunotherapy in chronic 
mucocutaneous candidiasis synergism 
between transfer factor and fetal thy- 
mus tissue. Clin. Immunol. Immuno- 
pathol. 8:504-12 
Akhter, J., Merker, R. I., Rieger, C. H. 
L., Rothberg, R. M. 1980. Effect of 
thymosin on lymphocytes from patients 
with chronic mucocutaneous candidia- 
sis and endocrinopathies J. Allergy Clin. 
Immunol. 65:34-40 
Kirkpatrick, C. H.,. Greenberg, L. E., 
Chapman, S. W., Goldstein, G., Lewis, 


33. 


34, 


35. 


36. 


37. 


38. 


39. 


497 


V. M., Twomey, J. J. 1978. Plasma 
thymic hormone activity in patients 
with chronic mucocutaneous candidia- 
sis. Clin, Exp. Immunol. 34:311-17 
Jensen, K. B., Stenderup, A., Thomsen, 
J. B. 1964. Esophageal moniliasis in ma- 
lignant neoplastic disease. Acta Med. 
Scand, 175:715-19 

Ezdinli, E. Z., O'Sullivan, D. D., 
Wasser, L. P. 1979. Oral amphotericin 
candidiasis in patients with hematologic 
neoplasms; an autopsy study. J. Am. 
Med. Assoc. 142:258-61 

Stevens, D. A. 1977. Miconazole in the 
treatment of systemic fungal infections. 
Am, Rey. Respir. Dis. 116:801-3 
Kirkpatrick, C. H., Alling, D. W. 1978. 
Treatment of chronic oral candidiasis 
with clotrimazole troches. A controlled 
clinical trial. N. Engl J. Med. 299:° 
1201-3 

Hogan, N. A., Hill, H. R. 1978. En- 
hancement of neutrophil chemotaxis 
and alteration of levels of cellular cyclic 
nucleotides by levamisole. J. Infect. Dis. 
138:4:437-44 . 

Rocklin, R. E. 1976. Modulation of cel- 
lular immune responses in vivo and in 
vitro by histamine receptor bearing 
lymphocytes. J. Clin. Invest 51: 
1051-58 


Jorizzo, J. L., Sams, W. M. Jr., Jega- 
sothy, B. V., Olansky, A. J. 1980. 
Cimetidine as an immunomodulator: 
chronic mucocutaneous candidiasis as a 
model. Ann. Intern. Med. 92:192-95 


Ann. Rev, Med. 1981. 32:499-507 
Copyright © 1981 by Annual Reviews Inc. All rights reserved 


PROGNOSIS IN BUNDLE #7415 
BRANCH BLOCK 


J. McAnulty, M.D. and S. Rahimtoola, M.D. 


University of Oregon Health Sciences Center, Portland, Oregon 97201 


Once considered likely to progress to complete heart block, bundle branch 
block was regarded as an ominous finding on the electrocardiogram. Closer 
evaluation has shown that progression to symptomatic bradyarrhythmias 
is uncommon (1-7). However, some may develop symptoms suggestive of 
an intermittent bradyarrhythmia, particularly dizziness or syncope, and, on 
occasion, this can be shown to be caused by complete heart block (Figure 
1). This rhythm is associated with significant morbidity and mortality and 
is one of many reasons why it is important to understand the clinical 
significance of bundle branch block. 


PREVALENCE 


Bundle branch block is common and its incidence and prevalence increase 
with age. It was found in 0.2% of a large population of US Air Force 
personnel who averaged under 40 years of age (8), in 0.6% of those who 
entered the Framingham Study (the age of those affected averaged 48 and 
49 years for right and left bundle branch block respectively) (6, 7), and in 
1-2% of large patient populations averaging over 60 years (1-3, 6, 7). It 
is an electrocardiographic finding that is and will be encountered frequently. 


ETIOLOGY 


Bundle branch block is a marker for underlying heart disease. Clinically 
apparent organic heart disease is recognizable, and the likely cause of the 
conduction abnormality, in 80% of those with bundle branch block (1-7). 
Coronary artery disease is recognized in almost 50% of these patients, half 
of whom have had a myocardial infarction (2). Hypertension is found in up 


499 
0066-4219/81/0401-0499$01.00 


500 McANULTY & RAHIMTOOLA 


























1973 ECG 
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1977 RHYTHM STRIP WHEN ADMITTED FOR SYNCOPE 
Figure 1 The electrocardiogram from a patient who presented with syncope in 1973 re- 
vealed left bundle branch block and left axis deviation (mp). Unlike many with bundle branch 
block, she had recurrent episodes of syncope. Despite multiple attempts monitoring did not 


reveal the cause of her symptoms until 1977 when complete heart block was demonstrated 
(bottom). A permanent pacemaker was inserted. 


to 50% and valvular heart disease, cardiomyopathies, or congenital heart 
disease are present in 10-20% (1, 2). In 20% of patients with bundle branch 
block, there-is no evidence of clinical cardiovascular disease (1—3). It is 
likely that most of these individuals have a disease process involving the 
conduction system alone: primary conductian system disease. However, in 
some, associated cardiac disease may simply not be recognized because 
patients with bundle branch block are more likely to develop recognizable 
coronary artery disease and congestive hear: failure than patients without 
bundle branch block (7, 8). 


ANATOMY 


Present concepts about the anatomy of the conduction system support the 
clinical concern that bundle branch block is likely to progress to complete 
heart block. Though the distal conduction system is more likely a syn- 
citium, the assumption that it is trifascicular has some validity (Figure 2). 
In an unaffected individual at least three distal pathways connect the AV 
node to the ventricle, and block of any one of these is recognizable on the ` 
electrocardiogram (Tables 1 and 2). If the patient has block of one of these 
three fascicles,. unifascicular block, there are still two others capable of 
transmitting the electrical impulse to the ventricle. However, when. there is 
electrocardiographic evidence of block of two fascicles, bifascicular block, 
the potential for complete heart block increases: Only one pathway remains 
open for conduction and it, too, could be affected by the same disease 
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Post. Div. 
of LBB 


Ant. Div 
of LBB 


Figure 2 This diagrammatic representation of the conduction system and its blood supply 
demonstrates the trifascicular nature of the distal conduction system with the three fascicles 
being the right bundle, the anterior division of the left bundle and the posterior division of the 
left bundle. SAN: sinus node; LBB: left bundle branch; RBB: right bundle branch; AVN: 
atrioventricular node; PDA: posterior descending artery; LAD: left anterior descending artery; 
LCA: left circumflex artery. 


process that caused block in the other two. In fact, intracardiac electro- 
physiologic studies have revealed disease in the third fascicle in two thirds 
of patients with bundle branch block (2). Patients with bifascicular block 
do have an increased incidence of complete heart block (2, 4) and thus some 
clinical concern based on this anatomical concept is reasonable. 


Clinical Events 


Bundle branch block is associated with syncope, complete heart block, 
death, and sudden death. An increasing amount of data is accumulating 
about its contribution to each. 


SYNCOPE When patients are first seen with bundle branch block, up to 
30% have already had syncope (2), that symptom which would seem most 
alarming when considering the possibility of complete heart block. On 
occasion, this bradyarrhythmia may be documented as the cause, but more 
often it is not clear that a bradyarrhythmia caused the symptoms. Fre- 
quently, syncope can be shown to be due to causes other than complete 
heart block, such as tachyarrhythmias or primary neurologic problems (2, 
9). Even though an alarming symptom, syncope is likely to recur in less than 
50% of bundle branch block patients as judged by a study with a follow-up 
period of over four years (2). Dizziness also can be caused by transient heart 
block, but. it is an even less easily interpretable symptom and there is no 


502 McANULTY & RAHIMTOOLA 


Table 1 Electrocardiographic criteria of intraventricular conduction defects 





Right bundle branch block QRS duration > 0:12 seconds ` 
(RBBB) RSR’ or notched R wave or QR (if previous MI) with 
: ST depression and T inversion in V, 
Terminal S wave in leads I and Ve 


Left bundle branch block QRS duration > 0.12 seconds : 
(LBBB) Presence of a mcnophasic notched R wave in leads I 
and Ve 


ST depression, T inversion in Vg - 
Absence of Q and S wave in Ve 


Atypical LBBB Same criteria as 7or LBBB except that a Q or S wave 
is present in Vg, : 

Left axis deviation (LAD) ` Mean QRS axis in the frontal plane < -30° 

Left anterior fascicular Left axis deviation with initial R waves in II, III, 
block (left anterior AVF; Q waves in I, AVL 
hemiblock) . 

Right axis deviation (RAD) Mean QRS axis with frontal plane > 105° 

Left posterior fascicular Right axis deviation with Q waves in Ii, HI, AVF and 
block (left posterior initial R waves in I, AVL in patients without right 
hemiblock) ventricular hypertrophy ý 

Prolonged PR interval PR interval > 0.20 seconds 
(first-degree AV block) 


conclusive evidence that it is commonly caused by transient complete heart 
block. 


COMPLETE HEART BLOCK Chronic bundle branch block can progress 
to complete heart block (Figure 1), but this probably occurs in less than 2% 
of patients with chronic bundle branch block per year (2, 4) with an inci-- 
dence exceeding 5% only in those with severe congestive heart failure (10). 
Because bundle branch block is a distal conduction system disease, heart 
block would be assumed to occur below the His bundle. However, in over 
half the cases it likely occurs in the AV node (4), which indicates that those 
with bundle branch block also have disease elsewhere in the conduction 
system. 


SURVIVAL Individuais-with bundle branci block have an increased mor- 
tality rate when compared to patients without this conduction abnormality. 
Most have associated heart disease that is the cause of death (1, 2, 5). Still, 
by progressing to complete heart block, bundle branch block can contribute 
to the mortality. Suddea death is of greatest concern when considering the 
contribution of the bundle branch block because death due to intermittent 
complete heart block, and potentially preventable, would most likely occur 
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Table 2 Diagnostic criteria based on surface electrocardiogram evidence? 

















Unifascicular Bifascicular Trifascicular 
disease? disease? : disease 
Isolated RBBB, LAFB, or LBBB Alternating RBBB and 
LPFB RBBB and LAFB LBBB 
RBBB and LPFB RBBB with alternating 
Alternating LAFB and LAFB and LPFB 
LPFB 


a RBBB = right bundle branch block; LAFB = left anterior fascicular block; LPFB = left 
posterior fascicular block; LBBB = left bundle branch block. 

Trifascicular disease cannot be excluded in these patients without a measurement of 
an HV interval. If the HV interval is normal, trifascicular disease as manifest by conduc- 
tion delay is excluded and if the HV interval is prolonged, trifascicular disease is likely to 
be present. The PR interval does not differentiate bifascicular from trifascicular disease. 
rapidly. In this patient population, sudden death occurs at a rate of 1-10% 
per year in those with left bundle branch block and 1-5% per year in those 
with right bundle branch block and axis deviation (1, 2, 6, 7). Death due 
to documented complete heart block is rare, occurring in less than 0.2% 
of bundle branch block patients per year; most sudden deaths can be shown 
to be due to causes other than heart block (1, 2). In some cases the cause 
of sudden death cannot be determined and heart block could possibly have 
contributed. However, this, too, is uncommon and it appears that, at most, 
less than 1% of patients per year with chronic bundle branch block could 
be dying from complete heart block (1, 2, 11, 12). 


Identification of Those at High Risk 


The chance of death related to heart block in patients with bundle branch 
block is small; nevertheless efforts have been made to identify those who are 
at particularly high risk. The electrocardiogram has been evaluated, and 
though it was initially felt that patients with left bundle branch block were 
at greater risk than those with right bundle branch block and axis deviation, 
this has not been a universal finding (1, 2). No particular electrocardio- 
graphic abnormalities predict those who are at increased risk of developing 
heart block. Evaluating the PR interval in conjunction with the bundle 
branch block has not helped define those who are more likely to develop 
bradyarrhythmias (1, 2). Symptoms as a predictor of those patients with 
bundle branch block who are likely to develop heart block and death have 
been evaluated as well. Syncope has been most thoroughly studied. The 
patient with bundle branch block who gives a history of syncope is not 
clearly at increased risk of death or of sudden death (1, 2, 9). If it is assumed 
that a patient’s syncope is due to complete heart block and yet this is not 
documented, insertion of a pacemaker is unlikely to prolong life or even to 
result in improvement of symptoms (5). Other symptoms such as dizziness, 
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‘chest pain, or congestive heart failure are associated with decreased survival 

but do not predict which patient is at risk of death from heart block.. 
Etiology of the bundle branch block has also been evaluated as a predictor 
of those patients who are likely to develop heart block or sudden death. 
Though those with primary conduction system disease may have a better 
prognosis than those with recognizable associated cardiac disease (12), 
etiology is not able to predict which patient will develop heart block. 

It is hoped that the data obtained from an intracardiac electrophysiologic 
study will aid in predicting which patients ar at high risk from their bundle 
branch block. Because it is an indicator of distal conduction, the HV (or 
HQ) interval may be a potentially useful prognostic indicator but by itself 
it may be of limited value (1, 2, 10, 14, 15). HV prolongation (> 55 msec) 
is associated with more severe heart disease than is a normal HV interval 
(15) but has not yet teen shown to be an independent risk factor for 
complete heart block or sudden death. The greatly prolonged HV interval 
(> 70 msec) has been associated in some studies with increased sudden 
death and heart block (2, 10) but this has nct been a universal finding (14). 
The ability to demonstrate block below the His bundle with atrial pacing 
may be useful in defining those who are likely to develop complete heart 
block (16). The exact role of intracardiac electrophysiologic data in predict- 
ing who is at risk from their bundle branch block is yet to be fully resolved. 


MANAGEMENT OF CHRONIC BUNDLE BRANCH 
BLOCK 


It is uncommon for patients with chronic bundle branch block to develop 
complete heart block or sudden death due to bradyarrhythmias. Because of 
this and because the definitive treatment for protection against bradyarr- 
hythmias, a permanent pacemaker, is associated with significant morbidity, 
expense, and even mortality, a conservative approach to the management 
of these patients is recommended. Though chronic bundle branch block 
should be considered a marker for underlying heart disease, in the asymp- 
tomatic patients no further evaluation or treatment of the conduction status 
is required. In patients with bundle branch block who develop documented 
bradyarrhythmias, a permanent pacemaker should be inserted. 

It is more difficult to manage patients with bundle branch block who have 
symptoms that could possibly be caused by bradyarrhythmias but in whom 
a bradyarrhythmia cannot be documented. Though no one particular diag- 
nostic study is of high yield in defining the cause of symptoms in this group, 
evaluation is appropriate. Noncardiac causes of transient neurologic epi- 
sodes such as seizure disorders and metabolic or vascular abnormalities 
should be considered, but, if none is readily apparent, the presence of 
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bundle branch block on the electrocardiogram should increase the suspicion 
that a transient bradyarrhythmia was the cause of symptoms. Each patient 
should undergo ambulatory electrocardiographic monitoring for at least 48 
hours and for longer if symptoms are recurrent. Because symptoms are 
frequently intermittent however, the study is often nondiagnostic. An exer- 
cise stress test may demonstrate a propensity for inappropriate bradyar- 
rhythmias, particularly in people who have exertionally related dizziness or 
syncope or who may demonstrate exertional hypotension or tachyar- 
rhythmias as the cause of symptoms. Though the intracardiac electrophysi- 
ologic study results have limitations, in the patient with no other explana- 
tion for recurrent and serious symptoms, the demonstration of a greatly 
prolonged HV interval or block below the His bundle with atrial pacing may 
be helpful. This study may also demonstrate disease of the atrioventricular 
or sinus node or may reveal a propensity for tachyarrhythmias, which may 
be helpful in deciding the need for treatment. If a bradyarrhythmia cannot 
be documented as the cause of symptoms in this patient group, a permanent 
pacemaker should not be implanted for the purpose of preventing symptoms 
or prolonging life (2, 5). Occasionally, an individual is in an occupation or 
a situation where syncopal episodes are particularly hazardous and an 
attempt at treatment with a permanent pacemaker may be considered. 


Managing Other Medical Conditions in Bundle Branch 
Block 


Patients with bundle branch block often have other medical problems and 
the conduction system status should be considered when they are treated. 
For example, when a patient with bundle branch block undergoes a general 
surgical procedure it is appropriate to ask whether they are at increased risk 
of developing heart block. Available evidence would suggest that this is 
uncommon, occuring in less than 2% of such patients during surgery (17). 
It is not necessary to insert a temporary pacemaker in all bundle branch 
block patients undergoing general surgery, but continuous rhythm monitor- 
ing in the perioperative period and for at least 24 hours after surgery is 
indicated. Insertion of a large central venous line prior to surgery is appro- 
priate, to facilitate insertion of a pacing wire if necessary. 

Many patients with bundle branch block have atrial and ventricular 
tachyarrhythmias. Occasionally, antiarrhythmic agents such as quinidine, 
procainamide, and disopyramide are required. These are known to depress 
distal conduction and prolong the HV interval, so their use demands close 
clinical observation for bradyarrhythmias at the start of therapy. This is less 
likely to occur with lidocaine and diphenylhydantoin though in large 
boluses they, too, can depress conduction. 
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Patients with bundle branch block frequently have associated heart dis- 
ease for which they may need to undergo diaznostic cardiac catheterization. 
Insertion of a catheter in the right ventricle may induce transient right 
bundle branch block. In the patients with lett bundle branch block prior to 
the study, this may result in complete heart block. The same potential 
hazard exists for patients with right bundle branch block who undergo 
catheterization of the left side of the heart. It does not seem necessary to 
insert a temporary pacemaker wire in all these patients prior to the proce- 
dure but careful monitoring and access to pacemaker insertion is impera- 
tive. 


SUMMARY 


Chronic bundle branch block is common énd is a marker for associated 
heart disease. In the asymptomatic patient no diagnostic studies or treat- 
ment are required. In the patient with symptoms suggestive of a bradyar- 
rhythmia, attempts to document complete heart block should be made and 
if this rhythm is demonstrated a permanent pacemaker should be inserted. 
If no arrhythmia is documented, close clinizal follow-up is warranted but 
insertion of a permanent pacemaker has not been shown to be useful in | 
preventing symptoms or prolonging life. 
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MALE ERECTILE DISORDERS ©7416 


Raul C. Schiavi, M.D. 
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of Medicine, New York, New York 10029 


INTRODUCTION 


Erectile impotence is defined as the inability to attain or maintain a penile 
erection until completion of the sexual act. Erectile disorders are etiologi- 
cally classified as “psychogenic” or “organic,” and it has been repeatedly 
stated, without supporting evidence, that less than 10% of the erectile 
disorders are organic. This neat dichotomy has didactic value, but it ob- 
scures the notion that in many patients organic and psychological factors 
frequently coexist. ; 

There is no information about the current prevalence of erectile impo- 
tence in the population at large. In Kinsey’s series (1) the prevalence was 
less than 2% until the age of 40; it increased to 6.7% at age 55, and by age 
70 more than one quarter of the males reported long-term erectile incapac- 

. ity. It is not certain the extent to which the increased prevalence of impo- 
tence with age is indicative of psychosocial factors, covert medical 
conditions, or the natural biological changes induced by aging. 

This article briefly reviews the physiology of male sexual function as a 
basis for discussing recent information on disturbances in erectile capacity. 
The emphasis on the pathophysiological aspects of erectile impotence 
should not obscure the fact that, for most patients, psychological factors 
play a critical role in the development and maintenance of erectile difficul- 
ties. j i : 


PHYSIOLOGY OF MALE SEXUAL FUNCTION 


Normal male sexual function depends upon the integrity of mediating 
neural, vascular, and hormonal processes. At present the neurovascular 
mechanisms that contribute to erection remain little understood. Animal 
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experimentation and studies of patients with spinal cord injuries suggest the 
existence of two distinct but interacting neurophysiologic pathways. Reflex 
erections are thought to occur by activation of a sacral arc via afferent 
impulses carried by pudendal and pelvic nerves from nervous receptors in 
the genitalia and from enteroceptive stimulation from the bladder or rec- 
tum. The efferent component, considered to be parasympathetic, arises 
from sacral segments 2-4 and reaches genital structures and the urinary 
bladder through the pelvic nerves (nervi erigentes). There is evidence that 
psychologically induced erections are mediated by a thoracolumbar sympa- 
thetic outflow that originates primarily from T12-L1 and is carried by 
cholinergic fibers traveling to genital structures with the hypogastric nerves 
(2, 3). 

Only recently have the neurophysiologic and neurochemical processes 
that influence sexual function begun to be unravelled. Neurophysiologic 
studies have shown that structures within or closely related to the limbic 
system influence sexual function (4, 5). Brain monaminergic and serotoner- 
gic systems control hypothalamic-pituitary activity and participate in the 
mediation of the central effects of sex hormones on brain processes. It has 
been postulated, mainly from animal research, that drugs which diminish 
brain dopaminergic activity or enhance serotonergic function inhibit sexual 
behavior (6). However, methodological and theoretical considerations ren- 
der much of this literature difficult to extrapolate to human behavior (7). 

The blood supply to the erectile tissues contained in the corpora caver- 
nosa and corpus spongiosum is provided by the terminal branches of the 
internal pudendal arteries. Under flaccid conditions the anastomosis be- 
tween the arterioles and the erectile bodies are thought to be closed by pads 
(polsters) first described by Ebner. Conti (8), in a classic histological study, 
postulated that erections occur when relaxation of the circular and lon- 
gitudinal fibers of the pads, which are under autonomic nervous control, 
results in an increased rate of arterial inflow into the penis. Polsters located 
_in drainage veins from the penile cavernous bodies (8, 9) and reflex con- 
traction of the ischiocavernosus and bulboca¥ernosus (10) muscles may also 
contribute to maintain the erection by obstructing penile venous outflow. 
These notions have not found support in a recent isotopic penile blood 
outflow investigation (11) nor in a study of patients with flaccid paralysis 
of the perineal musculature (12). 

It has been traditionally thought that auzonomic influences on erectile 
activity involve cholinergic mechanisms. However, the observation that, in 
animals and humans alike, atropine does not prevent erections suggests the 
existence of noncholinergic vasodilator nervous processes (13). Recently, 
extensive adrenergic innervation has been found in the corpora cavernosa 
of various species including men (14). Increased sympathetic activity may 
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result in the contraction of smooth muscle within the cavernous tissues, 
thereby decreasing blood flow resistance (15, 16). In addition, sympathetic 
constriction of arteries that supply nonerectile tissues in the penis may also 
help sustain tumescence. Pharmacological studies also suggest the partici- 
pation of the adrenergic nervous system. Erections are enhanced by 82 
adrenergic stimulants as well as by a-adrenergic blocking agents (17). 

The emission and ejaculation phases of the male sexual response are 
considered only briefly in this review. Emission of the sperm into the bulbar 
urethra is primarily controlled by the thoracolumbar sympathetic outflow 
via hypogastric innervation of the prostate gland, ductus deferens, and 
seminal vesicles. Adrenergic activation results in the rhythmic contraction 
of the smooth muscles of these organs, which propels the semen into the 
proximal urethra, and also in the closure of the neck of the urinary bladder, 
which prevents semen reflux. Recent pharmacological evidence suggests 
that the emission phase is mediated by release of norepinephrine acting on 
a-adrenergic receptors and that it may also be influenced by cholinergic 
nervous activity. Ejaculation is a reflex mediated by the pudendal nerves 
which results in clonic contractions of the striated muscles that surround 
the bulbar urethra with subsequent ejection of semen (3). 

A sufficient amount of circulating androgen is required to permit ade- 
quate male sexual function. Normal adult men show, however, a wide-range 
in plasma testosterone concentrations. These levels are not stable but are 
characterized by irregularly occurring fluctuations superimposed on a cir- 
cadian rhythm with testosterone reaching peak concentrations during early 
morning (18). There is evidence that dysphoric states and psychosocial 
stress may depress plasma testosterone (19, 20). When these factors and 
time of sampling are controlled, a significant degree of intraindividual 
consistency in serum testosterone has been observed (21). At present, how- 
ever, there is no evidence for a relation, within or across normal men, 
between circulating androgen levels and differences in sexual behavior (22). 
It deserves mention that most studies have included few subjects, have used 
an insufficient number of hormonal assessments, or have relied on brief 
questionnaires or psychological instruments of questionable reliability. In 
addition, most investigators have measured total (bound) testosterone and 
not the physiologically active free testosterone. 

In aging men there is a tendency toward elevated serum bieiin 
hormone (LH) and decreased bound and free plasma testosterone (23, 24). 
There are wide individual hormonal differences, however, and the covaria- 
tion between circulating androgens and sex behavior during aging is pres- 
ently not known. l 

Activation of receptor sites located in central and peripheral target tissues 
is necessary for the induction of physiological and behavioral changes. It 
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is possible that maximum behavioral effects are obtained at relatively low 
concentration of circulating androgen and that beyond these levels signifi- 
cant hormonal behavioral relations are no longer evident. In addition, 
sexual functioning may not only reflect variations in plasma testosterone but 
also little-understood mclecular mechanisms such as threshold changes in 
receptor site sensitivity. 


ERECTILE DISORDERS 


Any disease associated with general distress, pain, or fatigue or accom- 
panied by fear, anxiety, or depression can potentially affect sexual function. 
These physical and emotional concomitants are frequently accompanied by 
diminished sexual desire, which may result in decreased sexual activity or 
in problems of sexual performance or satisfection. 

A number of disease states may also affect performance without directly 
interfering with sexual drive. The pathophysiology usually involves impair- 
ment of anatomical structures or physiological processes that mediate sex- 
ual function. Frequently, the sexual difficulties associated with medical 
illnesses are multidetermined and a full etiological understanding requires 
conceptual and methodological approaches From various frames of refer- 
ence. We limit this discussion to neurovascu‘ar and hormonal factors that 
either singly or jointly impair erectile capacity. 


Neurovascular Factors 

Relatively little is known about the relation between specific brain lesions 
or abnormal brain activity and disturbances in sexual function. For over a 
century there have been reports that traumatic damage of the temporal lobe 
and temporal lobe epilepsy are associated with erectile impotence, hypoac- 
tive or hyperactive sexual desire, and deviant sexual behavior (25-28). Most 
of these reports are based on unsystematic observations that have not 
controlled for the role of cognitive defects, psychological or interpersonal 
difficulties, or the pharmacological effects of medication. 

The systematic observations of patients with spinal cord injuries, as in the 
classic study of Bors & Comarr (12), have contributed significantly to our 
understanding of the neurophysiology of human sexual function. In an 
extensive investigation of 529 patients with spinal cord injuries, Bors & 
Comarr noted that when there is a complete lesion in the upper motor 
neuron, reflexogenic erections continue to occur since the pudendal sacral 
arc is not impaired. When there is a complete lower motor neuron lesion, 
reflex erections no longer take place but 20-39% of these patients retain the 
capacity to have psychologically induced erections via the thoracolumbar 
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sympathetic outflow. A small proportion of them also ejaculate and achieve 
orgasmic release. When the lesions in the upper or lower motor neuron are 
incomplete, more than 90% of patients have erections; in these cases ejacu- 
lation seems to be more vulnerable than erection, particularly when the 
lesions reside in the upper motor neuron. 

Neurological disorders that involve the spinal cord such as multiple 
sclerosis are also frequently associated with sexual symptoms (29, 30). We 
know very little about the pathogenesis of erectile failure in this and related 
conditions; care should be exercised in extrapolating from knowledge 
derived from patients with spinal cord injuries. 

Degenerative or traumatic lesions.of the nervous supply to genital struc- 
tures frequently result in erectile problems. In diabetes mellitus, the preva- 
lence of erectile impotence is high, ranging from. 27-58% primarily as a 
function of age (31). Severity of the diabetes, duration of the disease, and 
the type of antidiabetic medication does not appear to be related to the 
occurrence of sexual problems. It is currently thought that a visceral 
neuropathy involving the autonomic outflow to the genitalia may be the 
primary pathogenic determinant. This is based on observations of (a) a 
higher frequency of peripheral and autonomic neuropathies in diabetics 
with erectile impotence than in nonimpotent diabetics (32), (b) the associa- 
tion between neuropathic bladder disorder and diabetic impotence (33), 
(c) a prolonged bulbocavernosus reflex response latency in impotent diabet- 
ics (34), and (d) histological abnormalities in autonomic fibers within geni- 
tal structures of impotent diabetics but not in control samples (35). 

Recent studies have not supported the notion that endocrine factors 
contribute to diabetic impotence (36-39). Instead, there is growing aware- 
ness that obstructive vascular pathology may play a significant role in the 
development of erectile disorders associated with diabetes (39). 

Increasing attention has recently been paid to vascular insufficiency as a 
possible cause of erectile problems. Any pathological condition that inter- 
feres with the arterial supply to the corpora cavernosa can result in erectile 
impairment. This includes occlusive vascular diseases of the lower aorta and 
the internal iliac branches, congenital vascular anomalies, and traumatic 
lesions to the pelvis or genital blood vessels (40-42). In addition, patholog- 
ical changes that increase the venous drainage from the corpora may also 
contribute to deficient or nonsustained erections. These abnormalities may 
include fistulas between the glans and the corpora or incompetent valves 
within the deep dorsal penile vein (9, 43). 

More frequently, vasculogenic impotence appears to be due to degenera- 
tive vascular pathology associated with aging or unknown factors. Some 
investigators by means of systematic histological studies of the penile ar- 
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terial bed from post-mortem specimens have shown age-related fibrotic 
changes in blood vessel walls and the narrowing or obstruction of the 
arterial lumen by thrombi and calcium deposits (44). The significance of 
these changes in causing erectile disorders remains to be determined. 

The development of surgical approaches for the correction of vasculo- 
genic impotence and procedures for penile prosthetic implantation empha- 
sizes the importance of abjective methods for assessing organic impairment 
in erectile function. One procedure that is being utilized with increasing 
frequency is the nocturnal penile tumescent method (NPT), which is based 
on the recordings of the cycle of erections associated with rapid eye move- 
ment or dreaming sleep. Considerable data have been presented (45, 46) 
suggesting that in psychologically impotent men NPT is generally preserved 
and clearly exceeds coital erectile capacity; in cases of organic impotence, 
NPT is impaired in keeping with the patient’s waking performance. This 
procedure is of value in revealing organic impairment, but it does not 
provide information on the pathogenesis involved. 

The measurement of penile blood pressure and penile blood flow by 
means of mercury strain gauge recordings, spectrography, and doppler 
techniques provides a more direct method of identifying the role of vascular 
obstruction (47-49). Methods for x-ray visualization of the genital vascular 
system include pelvic arteriography (50), phalloarteriography (42), and 
percutaneous cavernosography (9). These invasive approaches, when clini- 
cally indicated, can provide valuable information, but they remain difficult 
to implement and interpret. 

The possible neuropathic contribution to erectile impairment may be 
evaluated indirectly by cystometrography because the autonomic pathways 
that control erection and micturition are the same (33). The electrophysio- 
logical testing of the bulbocavernosus reflex may also contribute informa- 
tion on the integrity of the reflex arc that subserves erection (51). Note, 
however, that each of these tests offers only indirect etiological evidence. 
Since a considerable overlap frequently exists between the observations 
derived from impotent and normal men, an abnormal recording does not 
necessarily prove that vascular or neural factors are responsible for the | 
erectile incapacity. These procedures should be considered not in isolation 
, but as ancillary tools in the context of extensive psychological and clinical 
information. 


Hormonal Factors 

The assessment of pituitary gonadal function in men with erectile disorders, 
presumably free from organic disease, has provided inconsistent findings. 
Some investigators observed that impotent men had lower mean urinary 
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and plasma testosterone concentrations than comparison groups; other 
workers failed to show abnormalities in circulating testosterone (22). Simi- 
larly, the hormonal activation of the pituitary gonadal axis of men with 
erectile dysfunctions by means of LH releasing hormone (LHRH) or human 
chorionic gonadotrophin has been found normal by some investigators (52) 
and impaired by others (53). Methodological differences in number, fre- 
quency, and time of blood sampling and inadequate matching of control 
groups may account for the discrepancy in findings. It is conceivable that 
erectile disorders include heterogeneous conditions, but their possible iden- 
tification necessitates the systematic gathering of detailed clinical and devel- 
opmental histories and the use of reliable psychometric instruments usually 
lacking in previous psychoendocrine reports. 

In hormonal studies of functional impotence, it is important not to as- 
cribe etiological significance to low circulating testosterone, even if its exis- 
tence is corroborated, because it could reflect the psychological stress 
induced by the sexual problem, the effect of depressive mood, or the lack 
of sexual activity. 

Despite a long history of clinical trials, there is still no solid evidence that 
androgen administration is effective for the treatment of “psychological” 
erectile dysfunctions (22). Drugs like clomiphene, a nonsteroid triethylene 
derivative that markedly elevates plasma testosterone, or synthetic andro- 
gens such as mesterolone have also not been found effective in the treatment 
of functional impotence. Some investigators have evaluated the effect of 
composite drugs that combine androgens with thyroid hormones or agents 
such as yohimbine or strychnine (22). Positive effects in the treatment of 
erectile disorders have been reported, but the interpretation of these studies 
is obscured by the lack of double-blind contro! protocols, the limited behav- 
ioral information provided, and the inclusion of aging men and hypogona- 
dal patients as subjects. Bancroft (54) recently raised the possibility that 
exogenous androgens may interact positively with psychological modalities 
of treatment in the resolution of erectile symptoms. Evidence of such possi- 
ble interaction has been observed in the treatment of female orgastic prob- 
lems, but it remains to be demonstrated in men. 

Recently, some investigators have begun experimenting with the use of 
LHRH in the treatment of impotent men; the results are equivocal. Morti- 
mer et al (55), in a study of males with hypogonadism of hypothalamic or 
pituitary origin, found that administration of gonadotrophic releasing hor- 
mones resulted in a rise in circulating androgen levels and in a rapid 
increase in potency that occurred while plasma androgens were still well 
below the normal range. The authors speculated that LHRH may influence 
sexual behavior by a central action independent from hormonal effects. 
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Benkert et al (56) conducted a double-blind study comparing the effects of 
LHRH against placebo in a group of impotent men free from clinical 
evidence of endocrine pathology. A significantly better therapeutic response 
was observed in response to LHRH than placebo but only during a 4-6 
week period after termination of the active medication. Davies et al (57), 
on the other hand, were unable to detect significant effects of LHRH on 
sexual activity in a double-blind crossover study of men with erectile impo- 
tence of undetermined cause. Clearly, additional studies are required before 
any conclusions can be drawn on the effect of LHRH on sexual function. 

Diminished sexual desire and erectile capacity and ejaculatory problems 
are frequently noted in men suffering from various hypogonadal disorders. 
Male hypogonadism may be primary as a direct result of gonadal impair- 
ment or secondary to abnormalities in hypothalamic-pituitary activity. In 
instances of primary hypogonadism, impairment of testicular Leydig cells 
leads to low testosterone production and a compensatory increase of LH 
(hypergonadotropic hypogonadism). When the impairment occurs at the 
hypothalamic-pituitary level, subnormal sécretion of LH and testosterone 
are usually observed (hypogonadotropic hypogonadism). 

Several recent reports show an association between pituitary tumors, high 
serum prolactin concentrations, depressed testosterone secretion, and erec- 
tile impotence (58, 59). It is believed that the hypogonadism observed in 
men with hyperprolactinemia is secondary to a depression in gonadotrophic 
secretion. Administration of bromocryptine, z dopamine agonist, frequently 
lowers prolactin concentration, elevates LH and testosterone secretion, and 
restores sexual potency (60). The mechanism of action of bromocryptine in 
the treatment of erectile disorders associated with hyperprolactinemia is not 
fully understood. It may have a central effect on dopaminergic mechanisms 
that mediate sexual function or it may improve erectile capacity due to the 
increase in testosterone secretion that occurs as prolactin levels decrease. 
It has been noted, however, that restoration of erectile potency may occur 
before the normalization of circulating testosterone (61). Bromocryptine 
does not seem effective in the treatment of erectile disorders unless they are 
associated with hyperprolactinemia (62). 

A recent study of 105 consecutive patients complaining of erectile diff- 
culties who were screened for serum testosterone revealed that 35% of them 
had unsuspected disorders of the hypothalamic-pituitary-gonadal axis (63). 
Twenty patients had hypogonadotropic hypogonadism mainly due to pitui- 
tary tumors, seven had hypergonadotropic hypogonadism due to primary 
gonadal failure, and eight suffered from hyperprolactinemia. Although the 
prevalence of hormonal dysfunctions seems surprisingly high and may 
reflect a nonrandom sample, this investigaticn emphasizes the importance 
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of measuring plasma testosterone during the routine screening of patients 
with erectile disorders. 

The behavioral consequences of hypogonadism are quite varied and in 
some men sexual desire and the capacity for sexual performance may re- 
main unchanged for years. Clinical experience suggests that factors such as 
age at onset of hypogonadism, level of premorbid sexual competency, the 
medical and psychiatric status of the subject, and the attitude of the sexual 
partner are of considerable importance in determining the extent of the 
sexual impairment. At present few studies have systematically assessed 
clinical, hormonal, and psychological factors in relation to various sexual 
behavior dimensions in hypogonadal men. 

In contradistinction with functionally impotent patients, administration 
of androgen to men with hypogonadal disorders frequently restores sexual 
desire and potency (64, 65). The literature in this area, however, is limited 
to case reports or to group studies that do not control for experimental bias 
or placebo effects. Recently, Davidson et al (66) reported the first double- 
blind investigation on the effects of a long-acting testosterone preparation 
in the treatment of six adult hypogonadal men. Significant dose-behavior 
relations were demonstrated between frequency of spontaneous and noctur- 
nal erections, frequency of coitus, and androgen administration. There is 
considerable need for studies of this kind. 


CONCLUSION 


The current interest in the evaluation and treatment of erectile disorders 
brings into focus our limited knowledge about the physiology of male sexual 
function. There is growing awareness derived from several lines of physio- 
logical evidence that male erectile disorders include a wide range of hetero- 
geneous conditions. The recent development of ancillary diagnostic 
methods underlines the importance of neurovascular and endocrine factors 
in the pathophysiology of erectile disorders associated with medical ill- 
nesses. The development and rational application of treatment methods 
should rest on conceptual and methodological approaches that integrate 
psychological and biological perspectives. 
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Introduction 


The metabolism of glutamate in man, animals, and bacteria has been widely 
investigated in recent years. From these studies an impressive array of 
disorders of glutamate metabolism has emerged (Table 1). Most of the 
disorders appear to be associated with or even responsible for dysfunction 
of the central nervous system (CNS) in man. This is not surprising since 
glutamate and its metabolites play an important role in the intermediary 
metabolism of the brain, as well as in chemical neurotransmission at sy- 
napses (1-9). Although all of the disorders discussed here have been 
recorded in literature, it has not been widely appreciated that this whole 
family of disorders is frequently associated with neurological dysfunction. 


Pathways of Glutamate Metabolism 


Three metabolites, a-ketoglutarate, glutamate, and glutamine, form not 
only the center of cellular nitrogen metabolism, but also a crossroads where 
carbohydrate and nitrogen metabolism intersect (10). In Figure 1 the struc- 
tures of these metabolites are illustrated with the enzymes that catalyze 
their interconversion. Each of the three metabolites is composed of five 
carbon atoms and each contains a carboxyl group adjacent to the a-carbon. 


a-KETOGLUTARATE a-Ketoglutarate has two major metabolic fates. 
First is the decarboxylation of a-ketoglutarate, which is catalyzed by the 
a-ketoglutarate dehydrogenase complex, resulting in the formation of 
succinyl CoA. The catalytic activity of the a-ketoglutarate dehydroge- 
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Table 1 Disorders of glutamate metabolism? 





1. Pyroglutamic aciduria and gluta- 11. Vitamine B¢-dependent seizures and 
thione synthetase deficiency glutamate decarboxylase 

2. Glutathionuria and y-GTP deficiency 12. Huntington’s chorea and glutamate 

3. Glutathione reductase deficiency decarboxylase 

4. Glutathione peroxidase deficiency 13. Hyper-f-alaninemia and GABA 

5. y-Glutamyl cysteine synthetase aciduria 
deficiency ; 14. Hereditary protein intolerance and 

6. Cysteinyl glycinuria ; zlutaminase 

7. Type I hyperprolinemia and proline 15. Carbamyl-phosphate synthetase 
oxidase deficiency deficiency 

8. Type II hyperprolinemia 16. Hepatic insufficiency and encepha- 

9. Histidinemia lopathy 

10. Homocarnosine accumulation 17. Glutamate intolerance and toxicity 





a All of these disorders are associated with known neurological dysfunction except 
glutathione peroxidase deficiency. 


nase complex is subject to rigorous control by phosphorylation and metabo- 
lite effectors (11). The second fate of a-ketoglutarate involves the formation 
of glutamate upon addition of an ammonium ion group to the a-carbon of 
a-ketoglutarate; this reaction is catalyzed by the enzyme glutamate dehy- 
drogenase. The ready reversibility of this amidation reaction has been exten- 
sively studied and appears to provide a mechanism for modulating the flow. 
of a-ketoglutarate into either carbohydrate metabolism via the Krebs cycle 
or into nitrogen metabolism via the glutamate dehydrogenase pathway (12, 
13). The levels of a-ketoglutarate are also controlled by a transaminase 
reaction, whereby the a-amino group of an amino acid is transferred to the 
a-carbon of a-ketoglutarate to form glutamate. 


GLUTAMATE The metabolism of glutamate is considerably more diverse 
than that of a-ketoglutarate. The carbon skeleton of glutamate can readily 

be converted into a wide variety of different metabolites, including a- 
- ketoglutarate, glutamine, pyroglutamate, ‘y-aminobutyric acid (GABA), 
a-glutamy] peptides, and y-glutamyl peptides. The conversion of glutamate 
to glutamine is of major importance in cellular metabolism. The process 
requires one mole of ATP for each mole of ammonium ion incorporated 
during the formation of glutamine. The reaction is catalyzed by. glutamine 
synthetase and, unlike the interconversion between a-ketoglutarate and 
glutamate, this reaction is not readily reversible. A separate enzyme, 
glutaminase, catalyzes the deamidation of glutamine to form glutamate and 
ammonium ions in the presence of water. In most organisms, glutamate is 
the most abundant intracellular amino acid. This is true for single-cell 
bacteria as well as complex mammalian systems with multiple organs (14). 
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Glutamic f Glutamine 
Dehydrogenase Synthetase 
NADH NAD ATP ADP 
COOH COOH Pi COOH 
C=O CH-NH, CH-NHy 
CH, NHi CH, NHS CH, 
CH, CH > CH, 
co y < OOH CO-NH3 
Amino a-Keto HO 
cid cid ; 2 : 
glutaric Transaminase L Glutamio Glutaminase L-Glutamine 
ci 


Figure 1 Core reactions of glutamate metabolism showing enzyme-catalyzed interconver- 
sions of a-ketoglutarate, glutamate, and glutamine. 


Glutamate exists at rather low concentrations extracellularly whereas gluta- 
mine is one of the most abundant extracellular amino acids in most mam- 
mals. As in most cells, high concentrations of glutamic acids are found 
intracellularly in the mammalian brain while high concentrations of gluta- 
mine can be found both in the blood and the cerebrospinal fluid (CSF) 
(Table 2). 

Since the conversion of glutamate to glutamine requires ATP, the synthe- 
sis and degradation of glutamine must be rigorously controlled in order to 
prevent the coupling of glutamine synthetase and glutaminase reactions 
from forming a “futile' cycle” of amide synthesis and degradation (15) 
(Figure 1). If such a cycle were allowed to proceed uncontrolled, wasteful 
consumption of cellular energy stores would result. Relatively little is 
known about the control mechanisms that modulate the catalytic activities 
of these two enzymes in the nervous systems of animals, but extensive 
information exists in bacterial systems, so these data are briefly reviewed 
below. 

An extraordinary degree of modulation is imposed upon the glutamine 
synthetase reaction in Escherichia coli by a series of enzymatically catalyzed 
reactions that involve the covalent modification of the enzyme whereby 
each of the 12 subunits of the enzyme can potentially become adenylylated 
(16, 17). The adenylylation reaction is performed by an enzyme complex, 
the activity of which is modulated by uridylylation of one component of the 
enzyme complex and by the concentrations of a-ketoglutarate and gluta- 
mine (16, 17). The adenylylation of glutamine synthetase (a) directly modu- 
lates the catalytic activity of the enzyme, (5) increases the sensitivity of the 
enzyme to feedback inhibition by biosynthetic end products, and (c) 
changes the affinity of the enzyme for divalent cations (16, 17). Attempts 
to demonstrate covalent modification of glutamine synthetase in mammals 
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Table 2 Concentrations of glutamate metabolites in the human nervous 








system 
Brain® Plasma® CSF 
Metabolites (umoles/g) (uM) (uM) 
Glutamate 7.1 22 © L8 
Glutamine 5.6 - 610 600 
Ammonia 40 : 18 
GABA : 0.59 < 0.02 < 0.02 
Glutathione? 2.1 <0.5 ` <0.5 
a-Ketoglutaramate 6.0 
Pyroglutamate 4 17 








4 Represents total glutathione calculated as GSH a 58, 159). 

Values for frontotemporal cortex biopsies frozen in liquid nitrogen (1 59). 
€ Data from (158, 150). 
dData from (158, 150, 161). 


have failed to date (18, 19). In some bacteria, the levels of glutamine 
synthetase are regulated by the availability of nitrogenous metabolites and 
by cAMP (20, 21). Recent investigations have begun to unravel the complex 
genetic regulation of glutamine synthetase (22, 23). Glutamine synthetase, 
besides regulating its own synthesis, also appears to regulate the synthesis 
of several enzymes involved in the formation of glutamate (24-26) and even 
possibly to regulate sporulation (27). The syr-thesis of glutamate dehydroge- 
nase is diminished by glutamine synthetase, while the synthesis of enzymes 
involved in histidine and proline catabolism is enhanced by both glutamine 
synthetase and cAMP. Glutamine synthetas2 also increases the synthesis of . 
.a periplasmic asparaginase, which exhibits y-glutamyl transpeptidase activ- 
ity (28). The identification of ColE1 hybrid plasmids containing Æ. coli 
genes coding for glutamine synthetase, glutamate dehydrogenase, and 
glutamate synthase should provide interest:ng new tools for studying the 
regulatory mechanisms controlling nitrogen assimilation (29). 

Glutaminase B from £. coli, which directly opposes the action of gluta- 
mine synthetase, is modulated by- carboxylic acids and adenine nucleotides 
(15, 30). The enzyme is inhibited by ATP and ADP, but activated by AMP. 
In contrast, the glutamine synthetase reaction utilizes ATP as a substrate, 
while AMP inhibits the reaction. A system of reciprocal control appears to 
regulate the activities of these two enzymes and thus prevents the occur- 
rence of a futile cycle of amide synthesis and degradation (15). 

It would not be surprising if the enzymatic regulation of glutamate and 
glutamine synthesis and degradation in the mammalian CNS were just as 
sophisticated and complex as that found in many bacteria, especially in view 
of the high concentrations of glutamate me-abolites in the nervous system 
(Table 2). Although an enormous amount of literature on the metabolism 
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of glutamate in the CNS exists, relatively few studies have focused on the 
metabolic mechanisms that regulate the levels of glutamate metabolites. 
Studies with radioisotopically labelled compounds have shown that multi- 
ple, distinct pools of glutamate and its metabolites exist in brain (1, 31). The 
localization of these pools remains unclear: they may reflect different cell 
types, such as neurons, astroglia, and oligodendroglia, and/or possibly 
different subcellular compartments (1, 31, 32). Considerable evidence sug- 
gests that at least one small subcellular compartment of glutamate may be 
involved in neurotransmission. Glutamate is thought to be an excitatory 
neurotransmitter in the mammalian CNS, but firm evidence in support of 
this notion is lacking. However, several studies in invertebrates have pro- 
vided good evidence for the role of glutamate as an excitatory neuro- 
transmitter (33, 34). In support of the putative role of glutamate in neuro- 
transmission of the mammalian CNS are studies showing (a) the 
Ca?+-dependent release of glutamate from synaptosomal fractions after 
electrical stimulation or elevation of the potassium concentration of the 
incubation media, (b) the high affinity binding of glutamate to subcellular 
fractions of brain, and (c) the application of glutamate to neural membranes 
resulting in their depolarization (34-36). Studies in support of glutamate as 
a neurotransmitter are hampered by the high concentrations of glutamate 
in nervous system cells, most of which is almost certainly not involved in 
neurotransmission. Until techniques become available to isolate neurons 
and their synaptic terminals, in which glutamate functions as a neurotrans- 
mitter, the role of glutamate in neurotransmission will continue to be puta- 
tive (37, 38). 


GABA Another pathway of glutamate metabolism in the nervous system 
involves the decarboxylation of glutamate to form GABA. In contrast to 
glutamate, which may function as an excitory neurotransmitter, GABA 
functions as an inhibitory neurotransmitter (39), as evidenced by studies on 
the nervous system of invertebrates (33-35, 39). A similar role for GABA 
in the mammalian CNS is now reasonably well established (9, 39, 40) by 
studies describing (a) the nonuniform distribution of GABA in the CNS 
where high concentrations are localized mainly in synaptosomal fractions 
from specific areas of the brain, (b) the high affinity binding of GABA to 
preparations enriched for synaptic terminals, (c) the Ca?+-dependent re- 
lease of GABA from synaptosomes by electrical stimulation, (d) the hyper- 
polarization of neurons exposed to GABA antagonized by picrotoxin and 
bicuculline, and (e) the benzodiazepine receptor interacting with GABA 
receptor and enhancing the inhibitory effect of GABA (34, 39-43). The 
endogenous ligand for the benzodiazepine receptor is unknown but inosine 
as well as nicotinamide are candidates (43, 44). Nervous mutant mice, who 
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have a selective loss of more than 90% of their cerebellar Purkinje cells 
during maturation, show a marked reducticn in the number of cerebellar 
benzodiazepine binding sites (45). Í 

GABA is degraded to succinate in a,sequence of two reactions. First, 
succinic semialdehyde is formed when the a-amino moiety of GABA is 
transferred to a-ketoglutarate in a transamination reaction. Reduction of 
succinic semialdehyde leads to the formation of y-hydroxybutyric acid; 
oxidation of the aldehyde leads to the formation of succinate in a NAD- 
dependent reaction. High concentrations of GABA are found in the nervous 
systems of both invertebrates and vertebrates (Table 2), but they are not 
unique to nervous tissue since large amounts have also been found in the 
mammalian kidney. The function of GABA in kidney remains elusive. High 
concentrations of glutamate and glutamine zre also found in kidney tissue, 
where they are involved in the excretion of ammonium ions. 


PYROGLUTAMATE AND GLUTATHIONE Cyclization of glutamate re- 
sults in the formation of pyroglutamate (Figure 2). The:formation of pyro- 
glutamate or 5-oxoproline occurs via at least four enzyme-catalyzed 
reactions: (a) y-glutamyl cyclotransferase, (b) a side reaction of glutamine 
synthetase in the absence of ammonia, (c) a partial reaction of y-glutamyl 
cysteine synthetase in the absence of cysteine, and (d) formation of N- 
terminal pyroglutamate in proteins (46). Recent studies show that pyro- 
glutamate is converted in an ATP-dependent reaction catalyzed by the 
enzyme 5-oxoprolinase (47). 

In addition to pyroglutamic acid, three other cyclized derivatives of 
glutamic acid are shown in Figure 2. A'-Pyrroline-5-carboxylic acid is an 
intermediate in the synthesis and degradation of the amino acid proline. 
a-Ketoglutaramate is formed in a transamination reaction, where the al- 
pha amino group of glutamine is transferred to an a-keto acid such as 
a-ketoglutarate (see below). 

A major route of pyroglutamate formation appears to be the cleavage of 
y-glutamyl peptides by y-glutamyl cyclotransferase (48). A variety of natu- 
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Figure 2 Cyclized derivatives of glutamic acid. 
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rally occurring y-glutamy] peptides have been described; presumably their 
synthesis is catalyzed by the enzyme y-glutamyl] transpeptidase (49, 50). 
This enzyme can transfer a y-glutamyl moiety from a variety of donor 
y-glutamyl peptides to an assortment of acceptor oligopeptides and amino 
acids (51). The physiological functions of the enzyme y-glutamyl transpep- 
tidase remain unclear. Several investigators suggest that the enzyme primar- 
ily functions in the degradation of glutathione (52-57), while others think 
it translocates peptides and amino acids across cell surfaces (58—63). 
The possibility that translocation of amino acids might be coupled to the 
y-glutamyl cycle in which glutathione degradation and resynthesis occurs 
has aroused considerable interest (5, 6, 60, 64). The scheme requires three 
moles of ATP be consumed for each mole of peptide or amino acid trans- 
ported. An alternative hypothesis suggests that group translocation occurs 
with the repetitive transfer of y-glutamyl moieties, where the transported 
y-glutamyl acceptor product subsequently becomes a y-glutamyl donor 
substrate (63). Since reutilization of the y-glutamyl product requires rela- 
tively little energy, such a system would be considerably more efficient than 
the y-glutamyl cycle. Whether or not y-glutamyl transpeptidase actually 
participates in the translocation of oligopeptides, and possibly some amino 
acids, remains to be established. Inhibition of y-glutamyl transpeptidase in 
mice caused increased excretion of glutathione but no amino aciduria was 
observed (65). Similar observations have been made in humans suffering 
from y-glutamyl transpeptidase deficiency as described below. These stud- 
ies certainly favor a degradative role for the enzyme. The high degree of 
specificity that y-glutamyl transpeptidase from choroid plexus exhibits to- 
ward oligopeptide acceptors suggests that the enzyme may function in 
controlling the availability of biologically active peptides (66). After nearly 
a decade of intensive investigation, the many puzzles still surrounding 
y-glutamyl transpeptidase testify to the need for its continued investigation 
(6, 53, 67). 

The cellular regulation of y-glutamyl transpeptidase in rat mammary 
tissue is controlled by prolactin (68). y-Glutamyl] transpeptidase in isolated 
brain endothelial cells and choroid plexus epithelial cells decreases dramati- 
cally as a function of time in culture (69, 70). Restoration of the enzyme 
in endothelial cells was induced by coculture of glial cells (69). Recent 
investigations on isolated kidney cells have suggested that -y-glutamy] trans- 
peptidase may be intimately involved in the oxidation of reduced glutathi- 
one (71). At present, it is unclear whether this oxidative process is a 
consequence of y-glutamyl transpeptidase activity or whether the oxidation 
is catalyzed by a separate enzyme (72, 73). 

Glutathione is the most abundant natural y-glutamyl] peptide; its synthe- 
sis occurs in two sequential reactions catalyzed by the enzymes y-glutamyl 
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cysteine synthetase and glutathione synthetase (64, 74). Each synthetase- 
catalyzed reaction consumes one mole of ATP for each mole of product 
formed. Of interest is the isolation of mutants of Z coli containing no 
detectable reduced glutathione (GSH) and exhibiting a deficiency of either 
glutathione synthetase or y-glutamy] cysteine synthetase (75). The growth 
rates in minimal medium without GSH supplementation were normal. 


GLUTAMINE The amide nitrogen of glutamine has many metabolic fates 
in the biosynthesis of amino sugars, nucleotides, and amino acids '(10). 
Removal of the amide nitrogen of glutamine results in the formation of 
glutamate, while removal of the a-amino nitrogen in.a transamidation 
reaction yields a-ketoglutaramate. The formation. of a-ketoglutaramate 
is catalyzed by the enzyme glutamine transaminase, but the function of 
a-ketoglutaramate in intermediary metabolism remains unclear (76). a- 
Ketoglutaramate appears to exist predominantly as a lactam ring in equilib- 
rium with an open-chain form that undergoes deamidation in a reaction 
catalyzed by w-amidase (77). In addition to the wide range of metabolic 
reactions described above, in which glutamine participates, the conden- . 


‘sation of two molecules of glutamine ta form ‘y-glutamyl glutamine ` . 


is catalyzed by y-glutamyl transpeptidase. Also of interest are the trans- 
glutaminases, which catalyze the formation of €(y-glutamy]l) lysine cross- 
links in the polymerization of fibrin during b_ood clotting and the formation 
of vaginal plugs (78). Transglutaminases appear to be essential in receptor- 
mediated endocytosis of a2-macroglobulin and some polypeptide hor- 
mones; they also catalyze the incorporation of polyamines into proteins 
through a y-glutamyl linkage (79, 80). l 


Disorders of Glutamate Metabolism 

A detailed map of glutamate metabolism with its associated disorders- is 
shown in Figure 3. The numbers in this map designate the location of 
enzymatic defects or metabolite accumulations occurring in these disorders, 
and correspond to those listed in Table 1. Although a rigorous scheme of 
metabolic control undoubtedly exists, only a few components of the regula- 
tory system are now known. A complete understanding of this complex area _ 
of metabolism in the nervous system, which is so central to all cellular 
nitrogen and carbohydrate metabolism, will undoubtedly. require a much 
greater body of knowledge than is currently available. Perhaps the most 
striking aspect of this metabolic map is the fact that many separate, distin- 
guishable disorders of glutamate metabolism are associated with dysfunc- 
tion of the CNS. For most of the disorders described below, only a few 
patients have been identified and studied. A critical evaluation of the data 
must await further observations, which will either confirm or alter our 
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understanding of these diseases. It is hoped that this catalogue of disorders 
of glutamate metabolism will stimulate the identification and study of new 
cases and possibly new diseases at this important crossroads of cellular 
carbohydrate and nitrogen metabolism. 

The finding of an abnormal accumulation of a metabolite does not neces- 
sarily imply a deficiency in an enzyme that degrades this metabolite. The 
situation is frequently more complex: a biosynthetic enzyme may be abnor- 
mally regulated, a biosynthetic enzyme utilizing precursors of the metabo- 
lite may be deficient, a degradative enzyme several steps removed from the 
accumulated metabolite in the metabolic pathway may be deficient, or . 
transport systems for the metabolite may be zbnormal. Thus, investigations 
in search of altered enzymatic catalysis and/or transport should follow the 
identification of an abnormally accumulated metabolite wherever possible. 
Demonstration of a causal relationship between the accumulated metabolite 
and the neurological disorder is frequently d-fficult. Is the accumulation of 
the metabolite invariably associated with a stereotyped neurological dys- 
function? 


PYROGLUTAMIC ACID AND GLUTATHIONE Pyroglutamic aciduria 
was first described by Eldjarn and co-workers (81) in a teenage Norwegian 
boy who exhibited mental retardation, spastic tetraparesis, cerebellar inten- 
tion tremor, ataxic gait, and dysarthria. Studizs on cultured fibroblasts from 
this patient showed normal levels of the eazyme 5-oxoprolinase, which 
catalyzes the conversion of pyroglutamic acid to glutamate in an ATP- 
dependent reaction (82). Two young Swedish sisters, both of whom exhib- 
ited pyroglutamic aciduria (83), showed a deficiency of glutathione 
synthetase (84). More recently, two brothers with pyroglutamic aciduria 
were treated with vitamin E, which improved the phagocytic functions of 
their .polymorphonuclear leukocytes (85). These brothers also had a defi- 
ciency of glutathione synthetase. 

Meister and colleagues (84, 86) have suggested that a deficiency of glu- 
tathione synthetase short-circuits the y-glutamyl cycle and leads to an 
overproduction: of pyroglutamic acid. They propose that diminished glu- 
tathione synthesis permits an overproduction of y-glutamyl cysteine, since 
glutathione is a feedback inhibitor-of y-glutamy] cysteine synthetase. Stud- - 
ies on cultured fibroblasts from a patient with glutathione deficiency sup- 
port this proposal (87). Inhibition of y-glutamyl transpeptidase by serine 
and borate increased cellular glutathione levels and decreased pyroglutamic 
acid synthesis. Variable results have been ottained from measurements of 
amino acid levels in erythrocytes from patients with pyroglutamic aciduria 
(88, 89). Majerus and colleagues (90) described an adult man with a red 
blood cell deficiency of glutathione synthetase associated with a hemolytic 
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anemia. This patient showed no signs of neurological dysfunction; thus 
multiple forms of glutathione synthetase deficiency exist (91, 92). 

Three patients with glutathionuria and mental retardation have been _ 
reported (93-96). Two of the patients have a deficiency of serum y-glutamyl 
transpeptidase. The clearance of urinary amino acids was normal in two 
patients, which indicates that the reabsorption of amino acids in the renal 
proximal tubule was normal (95, 97). In addition, studies on red blood cells 
and cultured fibroblasts from one patient showed a deficiency of y-glutamyl 
transpeptidase, but no abnormalities in the transport of amino acids (98- 
100). These data support a degradative role of y-glutamy] transpeptidase 
and show that a deficiency of the enzyme is not associated with a disorder 
of amino acid transport—evidence against the theory that y-glutamy] trans- 
peptidase functions in the group translocation of amino acids. 

Glutathione may exist in two forms where the sulfhydryl group of 
cysteine is either reduced (GSH) or oxidized (GSSG). A deficiency of 
glutathione reductase is associated with mental retardation and spasticity 
(101-104). Significantly increased levels of glutathione reductase in the 
serum of patients with cystic fibrosis has been reported (105). A deficiency 
of glutathione peroxidase in leukocytes is associated with a disorder of 
phagocytosis, but no neurological dysfunction has been recognized (106). 
Diminished levels of glutathione peroxidase have been found in the leuko- 
cytes and livers of rats fed a selenium-deficient diet (107, 108). Selenium 
deficiency in a variety of animals has been associated with several forms of 
muscular dystrophy syndrome (109, 110). In contrast, increased levels of 
glutathione peroxidase in red blood cells have been reported in patients with 
Down’s syndrome (111). 

A deficiency of the first enzyme in glutathione synthesis, y-glutamyl 
cysteine synthetase, is associated with a spinocerebellar syndrome consist- 
ing of ataxia, dysmetria, diminished vibration and position senses, and 
hypoactive deep tendon reflexes (112-114). Transfer of the y-glutamyl 
group of glutathione to an acceptor peptide or amino acid generates a 
dipeptide, cysteinyl glycine. Cysteinyl glycinuria has been described in a 
mentally retarded child who presumably lacks the necessary dipeptidase for 
catalyzing the degradation of cysteinyl glycine (115). Also of note is the 
occurrence of y-glutamyl phenylalanine in the urine of newborn phenyl- 
ketonurics (116). The significance of this observation is unclear at present. 
PROLINE, HISTIDINE, AND GABA The foregoing array of disorders sug- 
gests that the conversion of y-glutamyl moieties to glutamate proceeds 
primarily through the cyclized derivative of glutamate, pyroglutamic acid. 
Two other cyclized derivatives of glutamate, L-proline and A'-pyrroline-5- 
carboxylic acid are shown in Figure 2 (117, 118). Increased levels of 
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L-proline were found in the blood and urine of patients with deficiency of 
the enzyme proline oxidase, which has been designated type I hyper- 
prolinemia. In type II hyperprolinemia, patients excrete an excess of both 
L-proline and A'-pyrroline-5-carboxylic acid (119). This disorder appears 
to be associated with a deficiency of A'-pyrroline-5-carboxylic acid dehy- 
drogenase at the second step of proline catabolism. 

Similarly, histidine catabolism also forms glutamate; a block in the pri- 
mary pathway of histidine degradation results in the accumulation of histi- 
dine in blood, urine, and CSF (120). In some patients the levels of glutamate 
and glutamine were diminished in CSF. Histidinemia apparently results 
from a deficiency of histidase, which is the first enzyme in histidine catabol- 
ism and which catalyzes the deamination of L-histidine to form urocanic - 
acid. Moderate mental retardation occurs in about two thirds of these 
patients and many have a defect in speech development that has been 
attributed to a short auditory memory span. No abnormality in auditory 
function has been reported. 

The condensation of histidine with GABA results in the formation of the 
dipeptide y-aminobutyryl-L-histidine, termed homocarnosine. Both homo- 
carnosine and carnosine have been found in high concentrations in the 
olfactory bulbs of mammals and may function as possible neurotransmitters 
in olfaction (121). Elevated levels of homocarnosine were reported in the 
CSF of a mentally retarded woman with a progressive spastic tetraparesis 
and incontinence (122). 

GABA is formed from glutamate in a decarboxylation reaction catalyzed 
by the enzyme glutamate decarboxylase and the cofactor pyridoxal phos- 
phate. Measurements of glutamate decarboxylase activity in a kidney biopsy 
from a patient with pyridoxine (vitamin B,)-dependent seizures suggest that 
the affinity of the enzyme for pyridoxal phosphate may be abnormal (123). 
Such an abnormality is consistent with the observation that infants with this 
seizure disorder respond to large doses of vitamin Bẹ. Administration of 
GABA to stop convulsions has also been attempted, but convincing studies 
of its efficacy are lacking (124). 

Reports from several laboratories suggest that a deficiency of glutamate 
decarboxylase may be associated with Huntington’s chorea (125, 126). 
Autopsy specimens from patients with this disorder show low levels of 
GABA and increased levels of y-hydroxybutyric acid in the basal ganglia 
(125-128). It is of interest that y-hydroxybutyric acid is a potent anesthetic 
agent (129). Membranes from the cerebellar cortex of patients with Hun- 
tington’s chorea have an increased affinity for radiolabelled GABA (130). 
Further studies are required to determine whether or not GABA deficiency 
is a causal factor in the disease or merely a secondary phenomenon (131). 
Recently kainic acid, & naturally occurring glutamate analogue, was in- 
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jected into the neostriatum of rats to produce degenerations resembling 
those found in Huntington’s chorea (132). Large quantities of GABA were 
found in the urine of one male infant with hyper-f-alaninemia, who exhib- 
ited somnolence and generalized seizures (133). The presumptive cause for 
the accumulation of GABA and A-alanine in this patient is a deficiency of 
a common aminotransferase that catalyzes the degradation of GABA to 
succinic semialdehyde and f-alanine to malonic semialdehyde. 


GLUTAMINE, AMMONIA, AND GLUTAMATE In contrast to many of 
the disorders described above that are apparently not exacerbated by the 
intake of nitrogenous foodstuffs, patients with several other disorders of 
glutamate metabolism cannot tolerate high nitrogen diets. A group of pa- 
tients in Finland suffer from hereditary protein intolerance, which is asso- 
ciated with diminished intellectual function, progressive cortical atrophy, 
and spasticity (134). Measurements on leukocytes from one such patient 
suggest a deficiency of glutaminase may be responsible for this disorder 
(135). Another disorder in which nitrogenous foodstuffs such as protein 
cause illness is carbamyl phosphate synthetase (CPS) deficiency (136, 137). 
In mammalian liver, two forms of the enzyme exist. CPS I, a mitochondrial 
enzyme, participates in the fixation of ammonia via the urea cycle and is 
specifically activated by N-acetylglutamate. CPS II, a cytoplasmic enzyme, 
catalyzes the formation of carbamyl phosphate from CO, ATP, and the 
amide group of glutamate in pyrimidine biosynthesis. In several cases of 
CPS deficiency, measurements of the individual isoenzymes suggest that 
CPS I is consistently diminished, while CPS II may be decreased or even 

- increased (137, 138). CPS deficiency is associated with seizures, mental 
retardation, and coma (136). 

Both hereditary protein intolerance and CPS deficiency are associated 
with hyperammonemia. The toxic effects of ammonia on the nervous system 
have been recognized for many years from studies on hepatic encephalopa- 
thy (138-140). These patients exhibit asterixis, lethargy, confusion, and 
coma. Repeated bouts of hepatic encephalopathy appear to be associated 
with hepatocerebral degeneration consisting of dementia, dysarthria, ataxia, 
cerebellar intention tremor, choreiform movements, and dystonic posturing 
(141). The CSF of patients with hepatic encephalopathy contains signifi- 
cantly increased amounts of a-ketoglutaramate and L-glutamine (142, 143). 
Many patients with compromised liver function develop clinical signs of 
hepatic encephalopathy when presented with a load of ammonium ions 
(144). Recent studies suggest that branched chain amino acids given orally 
may provide effective therapy for chronic hepatic encephalopathy (145). 

Both ammonium ions and glutamate in large doses are CNS toxins (137, 
141, 146, 147). As noted above, exogenously administered ammonium ions 
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can cause CNS dysfunction similar to a variety of syndromes associated 
with hyperammonemia {Table 3). The hyperammonemia associated with 
most of these disorders can be controlled by restricting the intake of nitro- 
gen. High levels of blood ammonia in most of these syndromes are asso- 
ciated with vomiting, lethargy, seizures, and coma. The first five disorders 
in Table 3 are associated with blockage of th2 urea cycle, which is a major 
route for ammonia detoxification and elimination (137, 138). Hereditary 
protein intolerance and compromised hepatic function have been discussed 
above. In the remaining hyperammonemic syndromes, the mechanisms 
responsible for hyperammonemia are less clzarly understood (146). 

It is noteworthy that the same neuropathological changes in brain, i.e. 
Alzheimer’s type II cells, are seen in almast all hyperammonemic syn- 
dromes (141). No histopathological differences distinguish acquired from 
congenital hyperammonemic states (146, 148). 

In contrast to many of the hyperammonemic syndromes associated with 
inborn errors of metabolism and frequently manifesting neurological dys- 
function in infancy or early childhood, intolerance to large amounts of 
glutamate has been observed in both children and adults. The molecular 
basis of intolerance for glutamate is not understood; it is not known if it is 
congenital or acquired. In adults this intolerance has been termed “Chinese 
restaurant syndrome” because it is frequently observed following consump- 
tion of a Chinese meal that contained large amounts of monosodium gluta- 
mate. The rather stereotyped presentation includes a burning sensation over 
the chest, neck, shoulders, and arms, as well as feelings of tightness and 
pressure over the chest and flushing of the malar areas of the face. (149). 
Some psychiatric symptoms have been attributed to monosodium gluta- - 
mate intake but further studies are needed to clarify these observations 
(150). 

A few children who consume foods containing monosodium glutamate 
have been reported to develop “shivering” or “shuddering” attacks (151, 
152). These attacks may be an expression of essential tremor due to a defect 


Table 3 Hyperammonemic syndromes 





1. Carbamyl phosphate synthetase 7. Hepatic insufficiency and encepha- 
deficiency lopathy ‘ : 
2. Ornithine carbamyl transferase 8. Reye’s syndrome 
deficiency 9. Hyperlysinemia with lysine-induced 
3. Arginino succinate synthetase de- Crisis : 
ficiency (citrullinemia) 10. Congenital lysine intolerance 
4. Arginino succinase deficiency 11. Lysinuric protein intolerance 
(arginino. succinic aciduria) 12. Hyperornithinemia associated with 
5. Arginase deficiency (hyperargini- homocitrullinuria 
nemia) 13. Vitamine Bia unresponsive methyl- , 


6. Hereditary protein intolerance 


malonic acidemia 
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in the immature brain. Also of note is the report of a mentally retarded male 
child who had a three- to five-fold elevation of glutamic acid in the CSF 
(153). The CSF glutamine and the blood ammonia were both normal in this 
child. The disorder may be sex-linked, since four other males in the family 
were mentally retarded. 

Glutamate administered to experimental animals in large doses, orally or 
by direct application to the brain, causes structural damage in the CNS (7, 
147, 154, 155), but the molecular basis of these nervous system lesions 
remains unknown. In contrast, diminished levels of glutamate have been 
found in the cerebella of both weaver and staggerer mice whose cerebella 
are deficient in granule cells (156, 157). 


“ 


Summary 


Disorders of glutamate metabolism are associated with profound alterations 
of CNS function. Although the precise biochemical mechanisms responsible 
for nervous system dysfunction in most of these disorders are unknown, it 
can be concluded that biochemical aberrations in the metabolism of gluta- 
mate usually result in malfunction of the CNS. As with most disorders of 
amino acid metabolism that are associated with brain dysfunction, the 
molecular mechanisms underlying the pathogenesis of these disorders re- 
main obscure. Why do some biochemically affected individuals remain free 
of significant neurological involvement? The explanation that the accumula- 
tion of a specific metabolite is responsible for the pathogenesis of a disease 
process does not answer this and may frequently prove to be incorrect. 
More complete descriptions of these disorders of glutamate metabolism and 
their attendant neurological dysfunction will be required before any firm 
linkage between the biochemical defects and the clinical manifestations of 
the disease processes can be established. In addition, a much greater knowl- 
edge of the control mechanisms regulating glutamate metabolism in the 
CNS will be needed before the complexities of these disorders can be fully 
understood. Finally, the dual role of glutamate metabolites as intermediates 
in crucial pathways of metabolism and as neurotransmitters modulating 
electrical signals stresses the complexity and importance of glutamate me- 
tabolism in CNS function. 
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INTRODUCTION 


Dramatic advances have occurred in the therapy and survival of patients 
afflicted with all stages of germ cell tumors of the testis; in fact, these tumors 
now carry the best prognosis of any solid tumor occurring in man. Several 
developments are responsible for this improved survival. 

First and most prominent has been the development and application of 
truly effective chemotherapy evolving from actinomycin D to the effective 
combination of vinblastine sulfate and bleomycin (16) to our currently most 
effective combination of platinum, vinblastine sulfate, and bleomycin (4). 

Second, during this same era we demonstrated that a meticulous re- 
troperitoneal lymph node dissection could remove all retroperitoneal nodes 
(9). Clinical reports from several institutions convincingly demonstrated 
that retroperitoneal recurrence following lymphadenectomy rarely, if ever, 
occurred and that postoperative radiotherapy was unnecessary and jeopard- 
ized subsequent effective use of the newer, more potent chemotherapeutic 
combination (3, 20, 22, 23). 

Third was a clarification of the pathogenesis of these tumors leading to 
a classification that eliminated much of the confusing terminology (5, 6). 

Fourth was the development of sensitive and specific radioimmunoassay 
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techniques to measure serum levels of human chorionic gonadotrophin 
(HCG) and alpha fetoprotein (AFP) (12, 19, 20). Production of HCG by 
syncytiotrophoblastic giant cells and of AFP by embryonal carcinoma cells 
has been demonstrated by specific immunohistochemical techniques (11). 
Therefore, the presence of an elevated serum level of these markers reliably 
indicates the presence of malignant elements, usually embryonal carcinoma, 
and the markers have assumed a prominent place in the management of 
germ cell tumors (11). 

The integration and utilization of these four developments improved 
dramatically the poor prognosis formerly associated with the non- 
seminomatous varieties of germ cell tumors, so that by the end of the 1970s 
these tumors, along with the seminomatous variety of malignancy, carry the 
best prognosis of any genitourinary malignant tumor and of any solid tumor 
encountered in man. 


CLASSIFICATION 


Basic to the understanding of these tumors is a realization that all malignant 
germ cell tumors of the testis are derived from the primordial germ cells, 
and that pathogenesis may lead to the development of seminoma or embry- 
onal carcinoma. Embrycnal carcinoma is a unique pluripotential stem cell 
-that can undergo vitelliculogenesis into yolk sac carcinoma, trophogenesis 
into choriocarcinoma, or, more commonly, teratogenesis into teratocar- 
cinoma with ultimate further differentiation into teratoma (Figure 1) (5). 
Hence, it comes as no surprise that these tumors are often mixed and that 
a wide variety of cell types may be found in either the primary or metastatic 
foci. The natural history and biological behavior of tumors derived from 
embryonal carcinoma are similar regardless of the cell mix with the excep- 
tion of the exceedingly rare pure choriocarcinoma. Therefore, classification 
can be simplified into pure seminoma vis a vis the heterogeneous pool of 
nonseminomatous or mixed tumors. It should be emphasized that the 
biologic behavior is determined by the nonseminomatous component; that 
tumors containing any amount of nonseminomatous tumor behave as a 
nonseminoma; that pure seminomas usually remain that way unless they 
harbor syncytiotrophoblastic giant cells or secrete HCG; that pure chori- 
ocarcinoma is an exceedingly rare tumor comprising less than 0.4% of all 
germinal tumors; and that choriocarcinoma mixed with other cell types 
behaves like any other mixed germinal tumor and does not carry the same 
ominous prognosis as a pure choriocarcinoma. Choriocarcinoma implies 
the combination of syncytiotrophoblasts surrounded by cytotrophoblasts 
arranged in a pseudovillus pattern. Unless all of these criteria are seen, the 
term should not be used. 
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Figure 1 Pathways of differentiation and transformation of testis tumor. 


EPIDEMIOLOGY 


Germ cell tumors of the testis primarily affect men between the ages of 16 
and 45 with a peak for seminoma in the mid 30s and for nonseminoma in 
the early 20s. The overall incidence is clearly on the increase for unknown 
reasons and testicular cancer comprises the most common cancer other 
than lymphoma encountered in men between the ages of 29 and 35 (24). 
There is an increased incidence in patients with cryptorchid testes not pexed . 
before the age of six years. For unknown reasons, testis tumors rarely occur 
in the black population; caucasians have a four times higher incidence (8). 

Most patients present with a painless mass noted in the testis, but nearly 
20% will seek medical attention because of pain (24). Many of these patients 
are initially treated as having epididymitis. Ultrasound tests will often 
differentiate between epididymitis and a testicular tumor and should be 
obtained whenever any doubt of diagnosis exists (24). Any diagnostic suspi- 
cion of a testicular tumor requires exploration through an inguinal incision, 
with delivery of the testis from the scrotum with its tunics intact after the 
blood supply to the testis has been secured by a noncrushing vascular 
clamp. If a seminoma is encountered, careful histological evaluation of the 
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entire testis is essential to rule out the possible coexistence of a small 
nonseminomatous element. 


NATURAL HISTORY AND STAGING 


Testis tumors predictably metastasize through lymphatics to the regional 
nodes located in the retroperitoneum in the periaortic and perivena caval 
regions just caudal to the renal hilum. Approximately 25% of patients with 
pure seminoma will have metastasized when first seen for therapy, com- 
pared to more than 66% of patients with nonseminomatous tumors who 
have metastasized at the time of initial presentation. Once the diagnosis of 
a germinal tumor of the testis has been established, diagnostic evaluation 
should include a chest x ray with full lung tomograms to rule out pulmo- 
nary metastatic disease and an IVP to detect bulk retroperitoneal disease. 
The hallmark of extensive retroperitoneal nodal disease is lateral deviation 
of the proximal third of the ureter. Bilateral pedal lymphangiography is 
usually obtained in patients with pure seminoma, but has not proven useful 
in patients with nonseminomatous tumors for four reasons. First, there is 
a high incidence of false negatives in patients with minimal disease; second, 
there is the discomfort and morbidity of the procedure; third, surgical 
staging is performed in each case regardless of the results of lymphangio- 
gram unless massive abdominal disease is present; and, fourth, massive 
disease can be readily detected by careful abdominal palpation together 
with an IVP or CT scan of the abdomen, and that surgical staging renders 
the test unnecessary. The purpose of clinical staging in patients with non- 
seminomatous germinal tumors of the testis is to distinguish those with 
advanced disease who require initial chemotherapy from those with early 
disease who will be treated initially by surgery. If advanced disease is 
determined on the basis of full lung tomograms, IVP, CT scan, or physical 
exam, initial therapy, regardless of cell type, should be chemotherapy. If 
there is no evidence of advanced disease, patients with pure seminoma are 
managed by radiotherapy utilizing portals according to the results of lym- 
phangiogram. Patients with nonseminoma are surgically staged by means 
of a retroperitoneal lymph node dissection. The staging scheme used in the 
United States is noted in Table 1. 


MANAGEMENT OF SEMINOMA 


Patients with clinical Stage A or B disease with normal postorchiectomy 
serum levels of HCG and AFP are managed by radiation therapy. If the 
lymphangiogram is within normal limits, 2500-3000 rads directed to the 
retroperitoneum and ipsilateral iliac area cures 92-98% of patients (2, 21, 
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Table 1 Staging scheme for testicular cancer 





Stage A Tumor confined to testis; no evidence of spread beyond confines of testis 

Stage B, Evidence of minimal retroperitoneal lymph node metastases, detected by 
retroperitoneal lymph node dissection or lymphangiography (fewer than 
6 positive nodes; no node greater than 2 cm in diameter) 


Stage B, Evidence of moderate retroperitoneal lymph node spread (more than 6 
positive nodes; or any node longer than 2 cm in diameter) 
Stage B3 Massive retroperitoneal lymph node involvement, but without evidence of 


spread above diaphragm or to solid visceral organs. Diagnosis made clini- 
cally on basis of palpable abdominal mass i 


Stage C Metastatic tumor noted above diaphragm or involvement of solid visceral 
organs, brain, or bone 


25). There appears to be little need in Stage A patients for extended portals 
to include the mediastinum or supraclavicular areas. If the lymphangio- 
gram is positive (Stage B) but there is no evidence of bulk abdominal 
disease, the radiation portals are extended to include the mediastinum and 
supraclavicular areas as well as the retroperitoneum, with cure rates of 
74-93% (21). , 

The management of advanced disease or patients with elevated serum 
HCG remains controversial. Standard radiation therapy in patients with 
advanced seminoma results in tumor-free survival of less than 40%, consid- 
erably less than is currently achieved in the more virulent nonseminomatous 
tumors of similar stage (2, 25). Seminoma is sensitive to chemotherapy with 
a variety of agents including alkylating agents and the combination of 
platinum, vinblastine sulfate, and bleomycin. Consequently, we treat these 
patients initially with 3—4 cycles of this combination chemotherapy fol- 
lowed by surgical resection of identifiable residual retroperitoneal or pulmo- 
nary disease. The histology of the resected tissue determines further 
chemotherapy. We reserve radiation therapy for highly selected individuals, 
usually those with unresectable mediastinal disease. 

It is difficult to interpret HCG elevation in patients with seminoma. 
Mostofi (15) reported that 50% of patients whose primary seminoma con- 
tains syncytiotrophoblastic giant cells subsequently died of metastatic dis- 
ease if treated with conventional radiation therapy. Immunocytochemical 
techniques have demonstrated HCG only within syncytiotrophoblastic 
giant cells, which indicates that elevated serum HCG levels reliably predict 
the presence of these cells within the tumor (11). Consequently, histologi- 
cally pure seminoma, which is associated with elevated serum levels of 
HCG, should logically be treated as a nonseminomatous tumor using lym- 
phadenectomy and chemotherapy according to pathologic stage. 


ne 


548 SKINNER, SCARDINO & DANIELS 


MANAGEMENT OF NONSEMINOMA 


Serum Tumor Markers 
Serum biochemical tumor markers (HCG and AF FP) should be obtained in 
all patients with germ cell tumors of the testis. These tumor markers have 
increased the accuracy of diagnosis and clinical staging and have substan- 
tially improved our ability to monitor the course of patients with advanced 
disease. Nevertheless, long experience with the use of tumor markers has 
demonstrated their limitations as well. 

Serum markers should be obtained before orchiectomy whenever possi- 


-ble. Although marker levels cannot be relied upon to rule out malignancy 


in a patient with a testicular mass, elevated levels 'may hasten the decision 
for orchiectomy. Markers should be obtained before any other therapy and 
at periodic intervals thereafter. 

Although the markers may be elevated in some patients with metastases 
not otherwise clinically detectable, the sensitivity of current assays is limited 
(20, 23). Table 2 depicts a disturbing 50% false negative rate in pathologic 
Stage B; and 36% in Stage B, (23). Hencz, marker levels, even when 
combined with other clinical staging studies, are not sufficiently accurate to 
obviate surgical staging. Patients with advanzed disease almost invariably 
have elevated tumor markers initially: 94% in our experience (Table 2) (23). 
Fortunately, no proven false positive values for HCG and AFP have been 
reported in patients free of tumor, although pcasttransfusion hepatitis (AFP) 
and postorchiectomy elevation of pituitary gonadotropin (HCG) may be 
misleading. A detailed analysis of marker values before treatment revealed 
that neither the presence nor the absolute value of the marker was of 
prognostic significance when the impact of stage was considered. 

The most effective use of the markers is to monitor the response of the 
tumor to therapy and to detect early recurrence. Marker levels should be 
determined before and after each therapeutic intervention and at 2-3 month 
intervals in patients at high risk of recurrence. In monitoring serum markers’ 


Table 2 Frequency of elevated levels in serum samples obtained after 
orchiectomy, but immediately before any other therapy, in 142 pa- 
tients with nonseminomatous germ cell tumors (from Ref. 20) 


Patients HCG AFP Either 

Stage no.) (%) (%) (B) - 
A -67 7 9 10 
B, 15 29 33 - £0 
B, 23 52 43 64 
B3 6 83 75 100 


C 31 $ 84 60 93 
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it must be remembered that the time required for an elevated marker to 
return to normal depends: upon its serum half-life and its level before 
treatment. The half-life of HCG is approximately one day and of AFP 3-5 
days (12, 19). High pretreatment levels of AFP may take several weeks to 
return to normal. If the rate of fall of a marker after surgical resection of 
the tumor is too slow, residual tumor is present. If the marker levels plateau 
or rise, persistent or recurrent disease may be found. Immunocytochemical 
studies have demonstrated the presence of HCG only in syncytiotropho- 
blastic giant cells and of AFP only in embryonal carcinoma or yolk sac . 
tumor; hence elevated marker levels indicate the presence of malignant 
elements (11). l 

Nevertheless, the markers are of limited value in the majority of patients 
initially seen ‘for therapy (23). False negatives diminish their usefulness in 
clinical staging, and they have no prognostic significance. A return of 
elevated markers to normal is not necessarily associated with a disappear- 
ance of all tumor. Nearly 80% of our patients in whom marker values 
returned to normal. after chemotherapy still had histological evidence of 
malignant tumor, usually embryonal carcinoma, present at the time of 
surgical resection (23). l 


Clinical Management 
Patients with nonseminomatous tumor are designated as having éither early 
or advanced disease as indicated above. Those with early stage disease are 
treated with immediate retroperitoneal lymphadenectomy, which estab- 
lishes the pathologic stage, removes the nodal metastases, eliminates local 
retroperitoneal recurrence, and obviates the need for postoperative radio- 
therapy. Figure 2 depicts the treatment scheme for patients with clinical 
Stage A and B disease. 

It is our practice to follow patients every two months for the first year 
after lymphadenectomy, every three months for the second year, and then 


PATHOLOGIC STAGE ADJUVANT THERAPY 


, ae Neg. nodes. ——> Act-D x 2 mo 
IMMEDIATE ee 
OPERATION —>B, Microscopic mets 


T-A RLND ey to <5 nodes 
Intraop Act-D B f ; 4 
2 Mets to >5 nodes, VBL + BLEO x 5-10 wk 
then Act-D x 24 mo 


——> Act-D x 24 mo 
node >2 cm., 
extracapsular spread 


Figure 2 Management of clinical Stages A and B nonseminomatous germinal tumors of 
testis; January 1974 to present. f 
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every six months until they are five years post-lymphadenectomy. Follow- 
up consists of physical examination, a chest x ray, and a serum sample for 
HCG and AFP. We continue to treat all patients with prophylactic chemo- 
therapy (Figure 2). In this scheme, tumor has persisted or recurred in only 
7 of 76 Stage A and B patients treated since 1974 with a minimum follow-up 
of 36 months. In only three of these seven patients did elevated marker 
levels actually precede clinical evidence of recurrence. Hence, tumor mark- 
ers do not replace the need for close clinical follow-up and, perhaps, peri- 
odic sampling of tumor markers at subsequent intervals would be more cost ° 
effective in these patients—before and after retroperitoneal dissection and, 
in patients whose markers are negative, again at four months and at one 
year postoperatively. Serum measurement of HCG is of considerable value, 
however, in evaluating the etiology of gynecomastia, which has been seen 
on several occasions in our patients during and following chemotherapy and 
is usually not due to tumor recurrence. Further experience will be necessary 
to determine the value of markers in the late postoperative period once ` 
prophylactic chemotherapy has been stopped. However, to date, we have 
not seen late recurrence more than 13 months after initial therapy.in pa- 
tients with initial Stage B or C tumor who remained in sustained complete 
remission for that period of time. 

Pathologic staging (placing patients in groups A, B,, B2}, B3, and C) 
allows selection of a specific chemotherapeutic approach that has achieved 
a high cure rate associated with minimal morbidity in terms of hospitaliza- 
tion or lost time from work (Figure 2). Intraoperative use of actinomycin 
D followed by a prophylactic course two mcnths later has resulted in the 
lowest recurrence rate yet reported for Stage A patients (3.5%) (23). Pa- 
tients with minimal retrcperitoneal disease have done well with actinomy- 
cin D as a single agent, with only one death resulting from tumor. More 
aggressive prophylactic chemotherapy for patients with Stage B, disease has 
reduced the recurrence rate to 12%, significantly lower than that observed 
when actinomycin D is used alone, or when no adjuvant chemotherapy is 
given (Table 3). Furthermore, use of vinblastine sulfate and bleomycin 
followed by cyclic actinomycin D has not decreased possible salvage by the 
platinum, vinblastine-sulfate, and bleomycin combination since only one of 
17 patients with Stage B, disease has died of metastases. Stage B; represents 
a unique group of patients who enjoy surprisingly high survival provided 
they are recognized and treated early by intensive chemotherapy (Figure 3) 
followed by surgical resection. The histology found at the time of a cytore- 
ductive operation has been a reliable indicator of the patients who will 
require more intensive chemotherapy (platinum, vinblastine sulfate, and 
bleomycin) compared with those who may be successfully treated with 
vinblastine sulfate and bleomycin alone. 
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INITIAL THERAPY 


Platinum 
Velban q. 3 wk x 3 to 4 courses 
Bleomycin Evaluate after two weeks 


NO RESPONSE: RESPONSE 
continue PVB + VP-16 Cytoreductive Surgery 


Embryonal Ca 


ne. Present: 


Mame 

5wk V 
VP-16 
Adria. 


Figure 3 Current management protocol for clinical Stage B, or C nonseminomatous germi- 
nal tumors of testis. 


q. wk x4 


Therefore, lymphadenectomy with Rica staging remains prominent in 
patient management since it determines the appropriate use of adjuvant 
chemotherapy. Furthermore, a meticulous node dissection has been highly 
effective in eliminating local recurrence. None of the 35 patients with patho- 
’ logic Stage B disease treated since 1974 has had retroperitoneal recurrence 
and none has received postoperative radiation, therapy. 

Current controversy continues in the area of adjuvant therapy of early 
stage disease. Because patients whose tumors recur after lymphadenectomy 
are still curable with intensive combination chemotherapy (platinum, vin- 
blastine sulfate, and bleomycin), some urologic oncologists and medical 
oncologists recommend only close observation following lymphadenectomy 
(3, 4)..-There is no question that the combination of platinum, vinblastine 
` sulfate, and bleomycin is currently the most effective available in the man- 
agement of nonseminomatous germinal tumors of the testis and should be 
used early in the patient with massive disease (Figure 3). It also is the most 
toxic regimen, with substantial early morbidity, occasional mortality, and 
uncertain long-term effects. Cis-platinum may cause permanent renal im- 
pairment and is a mitogen that induces long-term bone marrow suppres- 
sion; it is unknown whether induction of malignancy seen following use of 
alkylating agents will be observed in patients receiving c/s-platinum (10). 
Our results indicate that excellent control of these tumors is possible with- 
out platinum in the great majority of patients, and that actinomycin D is 
probably a valuable agent for patients with minimal disease. Prophylactic 
adjuvant chemotherapy can lower the recurrence rate significantly without 
apparent long-term morbidity. The early aggressive use of the combination 
of vinblastine sulfate and bleomycin remains highly effective in preventing 
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pulmonary metastases in patients with extensive abdominal disease and has 
resulted in a recurrence rate of 12% for Stage By disease. Table 4 lists the 
fate of 296 patients with pathologic Stages A and B; or B, disease treated 
at three centers by meticulous lymphadenectomy. Note that the use of 
adjuvant chemotherapy reduced the recurrence rate in Stage A from 18 to 
3%, and that early aggressive prophylactic chemotherapy reduced the re- 
currence rate in Stages B, and B, from 33 to 14%. Therefore, most patients 
can be spared the need for platinum, yet those who fail can still be salvaged. 
In our opinion, the recurrence rate of 44% reported by Donohue and 
associates (3) in patients with Stages B; and B, disease is too high to justify 
withholding early adjuvant treatment, even though most recurrences can be 
controlled subsequently by platinum in combination. 

While the future may offer a more limited node-sampling procedure in 
an effort to preserve fertility, current evidence suggests that it is the patients 
with the most limited microscopic disease that benefit most from meticulous 
surgical staging and may, thereby, avoid recurrence and the need for inten- 
sive platinum, vinblastine sulfate, and bleomycin chemotherapy. This point 
should be emphasized in lieu of the lack of sensitivity of biochemical tumor 
markers for minimal disease and our inability to carefully assess and moni- 
tor the retroperitoneal nodes. A meticulous surgical staging procedure 
currently allows selection of the least toxic chemotherapeutic agent or 
combination tailored to maximum survival of the individual patient, elimi- 
nates retroperitoneal recurrence, and remains a most important factor in 
dictating therapeutic plans. 


MANAGEMENT OF ADVANCED DISEASE 


The development of truly effective combination chemotherapy has remark- 
ably changed the expected survival of patients with advanced disease. Prior 
to 1973 the reported cure rate for patients with B; or C disease was less than 


Table 4 Tumor-free survival of 227 consecutive patients with pathologic Stage A and B 
nonseminomatous germ cell tumors treated since 1974 at three centers by meticulous ret- 
roperitoneal lymphadenectomy and chemotherapy without radiation therapy ; 














i Retro- 
Stage A Stage B Total A + B. peritoneal 
Series É No.) (%) (No.) (%) (No.)  (%) recurrence 
Staubitz (26) -21/22 95 15/16 94 36/38 95 0 
Donohue et al (3) 57/57 100 54/55 98 111/112 99 1 
Skinner & Scardino (23) 42/42 100 32/359 91 74/77 96 0 
Total a 120/121 99 101/1068 95 221/227 97 1 





a One death from other cause, not tumor. There are no exclusions due to extensive retro- 
peritoneal disease. Minimum follow-up 3 years. 
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10%; today more than 70% can be expected to be cured of their disease. 
The role of surgery in the management of advanced disease is less well 
defined and remains somewhat controversial. Without question, the combi- 
nation of platinum, vinblastine sulfate, and bleomycin has been so impres- 
sive in achieving a complete response rate that surgery has become 
adjunctive to the primary curative goals of chemotherapy. Patients with 
widely disseminated disease, with or without bulky retroperitoneal metas- 
tases, should be treated initially and: vigorously by intensive combination 
chemotherapy, utilizing the Einhorn & Donohue (4) protocol modified by 
reduction in the dosage of vinblastine sulfate to 0.3 mg/kg for each course 
of therapy, and further attenuated for low performance status (4, 10). 
Nonetheless, surgery plays an important role in the management of these 
patients by removing all retroperitoneal disease, and providing histologic 
material to better assess the effects of chemotherapy, occasionally indicating 
the need to alter drugs. 

Experience at UCLA in the treatment of advanced disease by the combi- 
nation of platinum, vinblastine sulfate, and bleomycin alone has not been 
as good as that reported by Einhorn, with most failures occurring in those 
patients harboring any pulmonary metastases greater than 2.5 cm in diame- 
ter or initially having bulk retroperitoneal zbdominal disease (18). Some 
authors advocate cytoreductive surgery before chemotherapy with the hope 
of diminishing tumor burden and thereby rendering chemotherapy more 
effective (13). Early trials at initial massive debulking resulted in significant 
complications in terms of tumor spill, prolonged postoperative recovery, 
and the catabolism of these postoperative patients that delayed initiation of 
needed effective chemotherapy. Furthermore, retroperitoneal resection of 
large tumor masses does not lend itself to early control of a vascular pedicle 
as in other tumors, thereby increasing the risks of tumor dissemination with 
surgical manipulation. It seemed appropriate, therefore; to treat such pa- 
tients preoperatively with chemotherapy. Beginning in the early 1970s, our 
utilization preoperatively of older, less effective drugs indicated that combi- 
nation chemotherapy could significantly shrink the tumor bulk and produce 
a thick fibrous capsule or desmoplastic reaction around the tumor mass, 
thereby making resection possible in all cases without either tumor spill or 
leaving any residual tumor. In fact, in our 35 patients with massive Stage 
B; and C disease, under a protocol that did not include cis-platinum, 29 
(83%) achieved a complete response and 26 (74%) of these patients remain 
free of tumor with follow-up from 30 to 102 months (20). Since 1977 all 
patients have been managed by the protocol illustrated in Figure 3 utilizing 
3-4 courses of preoperative platinum, vinblastine sulfate, and bleomycin. 
Surgery is performed 2-3 weeks following the fourth course of therapy in 
all responding patients through a thoracoabdominal approach described 
previously, with wedge resection of persistent ipsilateral pulmonary nodules 


TESTICULAR CANCER 555 


performed at the same time. If pulmonary disease persists in the contralat- 
eral lung and is amenable to surgical resection, a formal contralateral 
thoracotomy is then performed 4-6 weeks later. Median sternotomy is an 
alternative approach that allows simultanous resection of bilateral disease 
as well as resection of any residual mediastinal disease. Histology of the 
resected tissue reveals persistent embryonal carcinoma in approximately 
one-third of these patients, mature teratoma with or without extensive 
fibrosis and necrosis in approximately one third, and fibrosis only without 
any evidence of tumor in approximately one third. It has been impossible 
to predict on the basis of CT scanning, preoperative serum tumor markers, 
or careful inspection at the time of surgery, who harbors embryonal car- 
cinoma vis à vis teratoma or fibrosis. Obviously those patients with elevated 
markers will have embryonal carcinoma, but in most patients the markers 
fall to normal during chemotherapy and a substantial number of patients 
with normal markers still have evidence of embryonal carcinoma at opera- 
tion. 

It continues to be our policy to operate on all patients with advanced 
disease following 3—4 courses of platinum, vinblastine sulfate, and bleomy- 
cin protocol despite clinical evidence of a complete response by all noninva- 
sive parameters. Others recommend surgery for only those patients with an 
abnormal CT scan or other evidence of persistent disease. Our reason for 
recommending surgery for all patients is twofold: first, to assure that all 
retroperitoneal disease is controlled, thus preventing late failure in an area 
that is extremely difficult to monitor; second, the tissue obtained at surgery 
can be examined histologically and utilized in the in vitro clonogenic assay 
described by Salmon to further tailor effective combination chemotherapy 
and to dictate its subsequent need as well as the most appropriate selection 
of drugs. For example, based on histologic examination of this tissue, we 
have found that those patients with only mature teratoma or fibrosis with- 
out evidence of embryonal carcinomgdo well without the need for contin- 
ued intensive combination iafe utilizing platinum. On the other 
hand, those patients with persistent embryonal elements, or other immature 
elements, clearly need further chemotherapy since fewer than 50% of these 
patients survive despite additional courses of platinum, vinblastine sulfate, 
and bleomycin. The in vitro clonogenic assay is being routinely used in these 
patients to help select subsequent chemotherapy. In this way it may be 
possible to develop novel combinations individually tailored to the drug 
sensitivity profiles of the residual tumor. A wide variety of additional agents 
including Mithramycin, doxorubicin hydrochloride, VP-16-213 may be 
identified as appropriate. 

Another consideration is the extent of cytoreductive surgery following 
chemotherapy. Is biopsy only or “lumpectomy” sufficient, or should the 
operation be a meticulous dissection similar to that for Stage A and B 
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disease? Our experience and that of others indicate that the dense desmo- 
plastic reaction around the great vessels and residual tumor bulk, as well 
as the cystic changes that occur following chemotherapy, make it impossi- 
ble to judge by gross inspection just what tissue harbors persistent tumor. 
Foci of embryonal carcinoma have been found in association with solid 
fibrosis, cystic, or necrotic tissue. Therefore, there seems no feasible method 
to identify physically or by palpation what in actuality remains a micro- 
scopic diagnosis. Therefore, we recommend as complete and meticulous a 
retroperitoneal lymph node dissection as feasible in each case. The results 
of an integrated management plan currently yield a complete response rate 
in excess of 80% for all patients who present with massive abdominal 
disease. 


CONCLUSIONS 


In summary, the 1970s saw dramatic changzs in the management of non- 
seminomatous germ cell tumors of the testis resulting in a tumor-free sur- 
vival of 97% for all patients with Stage A and B disease, and a tumor-free 
survival in excess of 70% for patients with advanced disseminated disease. 
Biochemical tumor markers are helpful in the management of advanced 
disease and in evaluating clinical suspicion of tumor recurrence, but they 
have a more limited value in patients who initially present with early stages 
(A and B) of nonseminomatous germ cell tumors of the testis, since their 
influence on the therapeutic regimen is minimal and the treatment failure 
rate in optimally managed patients is so low. l 

Improved chemotherapy utilizing platinum, vinblastine sulfate, and bleo- 
mycin is largely responsible for the remarkable improvement in survival, 
but a meticulous lymphadenectomy remains the most important determi- 
nant in selecting the least toxic chemotherapeutic. adjuvant, eliminating 
local retroperitoneal recurrence, and obviating the need for radiation 
therapy. , l 
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Introduction 

There are currently over a dozen cephalosporins and cephalosporin-like 
antibiotics commercially available throughout the world. Although the first 
20 years of research on these agents produced compounds of rather similar 
activity, the past decade, and in particular the past five years, has seen the 
development of a host of different semisynthetic cephalosporin and cepha- 
‘mycin derivatives with widely varying pharmacologic and in vitro activities. 
The choices currently facing the practicing physician are numerous and will 
almost surely become greater over the next few years. We discuss here the 
common features of this antimicrobial family and review the individual 
characteristics and advantages of the currently available drugs, with a brief 
preview of the more promising agents of the future. 


Historical Background 

In 1945 Giuseppe Brotzu isolated a fungus, later identified as Cephalo- 
sporium acremonium, from the Mediterranean Sea off the isle of Sardinia (1, 
2). This fungus elaborated antibacterial compounds, including cephalospo- 
rin P and cephalosporin (or penicillin) N, but these were not sufficiently 
active to warrent development into clinically useful antibiotics. Further 
work by Abraham and Newton with substances produced by C 
acremonium led to the discovery of cephalosporin C, which is resistant to 
staphylococcal £-lactamase and inhibits the growth of many gram-positive 
and gram-negative bacteria. Most of the currently available cephalosporin- 
like compounds have resulted from chemical modification of the cephalo- 
sporin C nucleus. An important exception is cefoxitin, a semisynthetic 
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derivative of cephamycin C that is derived from the fungus Streptomyces 


- lactamdurans. In addition, among the new drugs currently undergoing 


clinical investigation is a new, totally synthetic drug (moxalactam), which — 
is a 1-oxacephem compound closely related to the cephalosporins. 


Classification 
‘The true- cephalosporins, excluding cefoxitin, a cephamycin, all share a 
common nucleus, 7-aminocephalosporanic azid (Figure 1). This consists of 
a four-member 8-lactam ring common alsc to the penicillins, and a six- 
member sulfur-containing dihydrothiazine ring. Chemical modifications at 
the 3 and 7 positions of the 7-aminocephalosporanic acid nucleus produce 
cephalosporins that vary widely in their spectrum of activity and phar- 
macokinetic properties. The basic nucleus of cefoxitin, a derivative of 
cephamycin C, differs slightly from 7-aminccephalosporanic acid: it has a 
7-a-methoxy group, which markedly enhances the iia of the P-lactam 
ring to hydrolysis. 


Cephalosporin C : 
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Figure 1] The structure of the true cephalosporins. 
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The currently available cephalosporin and cephamycin antibiotics are 
listed in Table 1. The “first-generation” cephalosporins include cephalothin, 
cephaloridine, cephaloglycine, cephalexin, cephradine, cefazolin, cephapi- 
rin, cephacetrile, and cefadroxil. These compounds all share similar spectra 
of activity and differ primarily in their pharmacokinetic properties. Newer 
or second-generation cephalosporin-like compounds with an expanded 
spectrum of activity include cefamandole, cefoxitin, and cefaclor, which are 
available in this country, and cefuroxime, which is available in Europe and 
elsewhere. The third-generation cephalosporins, still under investigation in 
the US, are discussed in a later section. 


Mechanism of Action 

Although. the mechanism of action of penicillin has been studied more 
extensively than that of cephalosporins, these B-lactam compounds appear 
to inhibit bacteria in a similar manner. Until recently the key features of 
the effects of 8-lactams were thought to be as follows: (a) 8-lactams struc- 
turally resemble D-alanyl-p-alanine, a unique component of the prokaryotic 
cell’ wall and a substrate of the enzyme transpeptidase; (6) inhibition of 
transpeptidase by these structural analogs prevents cross-linking of new 
murein subunits; (c) absence of cross-linkage results in a structurally weak- 
ened cell wall; (d) a weakened cell wall permits the accumulation of cyto- 
plasmic mass and the subsequent rupture of the cell wall due to increased 
osmotic pressure. Other morphologic changes caused by penicillin, such as 
bulge formation, formation of round cells and of filaments, were considered 


Table 1 Cephalosporins (and cephamycin)—nomenclature and routes of 








administration 
: . Route of 

Generic name Trade name administration? 
Cefamandole Mandol IM, IV 
Cefazolin Ancef; Kefzol IM, IV 
Cefoxitin. i . Mefoxin IM, IV 
Cefuroxime —b IM, IV 
Cephacetrile Celospor> IM, IV 

” Cephalexin Keflex i PO 
Cephaloglycine Kafocin PO 
Cephaloridine -Loridine IM, IV 
Cephalothin Keflin IM, IV 
Cephapirin À Cefadyl IM, IV 
Cephradine Anspor, Velosef . PO, IM, IV 
Cefaclor . Ceclor PO 


Cefadroxil : Duricef PO ‘ 





` a Abbreviations: PO = per os; IM = intramuscular; IV = intravenous. 
bNot available in US. 
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trivial consequences of the structurally defective wall (3). Over the past 
decade, detailed research on many aspects cf the action of penicillins has 
led to a much more complex and not yet completely understood view. It 
is known now, for example, that there are several enzymes whose functions 
are inhibited by penicillin (carboxypeptidases, endopeptidases, and trans- 
peptidases); the number of these appears to vary among species. In addi- 
tion, there are penicillin binding proteins (PBP), some of which appear to 
be forms of the above enzymes; these also vary among species (S. aureus 
has four, Bacillus subtilis has five, and E. coli has six) (4). Different 8- 

lactams bind preferentially to different PBPs and this appears to correlate 
with specific physiologic effects. Benzyl penicillin, for example, binds pref- 
erentially to PBP3 at low concentrations and this is associated with selective 
inhibition of cell division. Cephaloridine binds PBP1 at low concentrations 
and causes rapid cell lysis. Mecillinam binds preferentially to PBP2 and 
causes the formation of ovoid forms. Spratt (5) created temperature-sensi- 
tive mutants of the PBP genes and can cause penicillin-inducible mor- 
phologic changes to appear and disappear by varying the temperature of 
incubation, again supporting the role of PBPs. 

Besides causing bacteriostasis (i.e. inhibition of bacterial cell growth), 
B-lactam antibiotics typically cause loss of viability of intact cells, and in 
many species will cause complete cellular lysis. Tomasz (3, 6) proposed that 
the eventual lysis of bacterial cells caused by -lactams and other cell wall 
active agents results because these antibiotics allow the cells to release 
inhibitors of endogenous autolysins (murein hydrolases); this then allows 
the unopposed cleavage of the cell wall murein with subsequent lysis (or 
autolysis) of the cell. Evidence for this theory comes from studies with 
pneumococci; mutants of pneumococci have been isolated that do not lyse 
after exposure to penicillin but that otherwise have the same inhibitory and 
morphologic responses to penicillin. These mutants have suppressed N- 
acetylmuramyl-L-alanine amidase activity; this enzyme is the major murein 
hydrolase (autolysin) of pneumococci, and absence of its activity appears 
to cause defective lysis. If the mutant cells are exposed to wild-type murein 
hydrolase plus penicillin, then lysis will occur. Furthermore, if one takes 
pneumococcal murein hydrolase inhibitor and coats wild-type cells with an 
excess of this inhibitor, then subsequent penicillin-induced lysis is blocked. 
Just how murein hydrolase inhibitors function and how £ lactams labilize 
and release these inhibitors from the bacterial cell is not yet known. 


Mechanism of Resistance 

In order for an antimicrobial agent to inhibit bacterial growth, it must be 
able to reach a susceptible target site(s) in sufficient quantities. Bacteria, 
therefore, may resist the effects of antimicrobial agents by preventing their 
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uptake, by inactivating them before they can act upon the target site(s), or 
by not having a target site that is susceptible to the effects of the antibiotic 
(7). B-Lactam antibiotics, for example, must reach the penicillin-binding 
proteins and the enzymes associated with peptidoglycan (murein layer) 
formation. Gram-negative bacteria have an outer phospholipid membrane 
surrounding the murein layer that can retard the entry of various sub- 
stances, including @-lactam antibiotics (8). Penicillin G has more difficulty 
penetrating the outer membrane of gram-negative bacilli than do ampicillin 
and the cephalosporins, and most gram-negatives are therefore relatively 
resistant to penicillin G. Alteration of the 8-lactam target site(s) (the PBPs 
and the peptidoglycan enzymes) or variations in the affinity of various 
f-lactams for the target site(s) also lead to varied morphologic responses, 
and even resistance to these antibiotics (3, 9). 

The major mechanism by which bacteria resist 8-lactam antibiotics is the 
production of 8-lactamase(s), a group of enzymes that can hydrolyze the 
f-lactam ring and render the antibiotic inactive. The effectiveness of a 
8-lactamase in conferring resistance upon the producing strains depends on 
an interaction of various factors, including affinity of the enzyme for the 
8-lactam antibiotics, velocity of the hydrolysis reaction, and, probably most 
importantly, the rate of delivery of the antibiotic to the enzyme, which in 
turn seems to be governed by the outer phospholipid membrane present in 
gram-negative organisms (7). Consequently, 8-lactams that are efficiently 
hydrolyzed in vitro by a 8-lactamase may still be effective in vivo against 
strains producing that enzyme if there is no barrier function limiting uptake 
of the B-lactam; the enzyme system can become saturated or overwhelmed 
by the quantity of antibiotic present. Conversely, a strain with an effective 
permeability barrier but a relatively ineffective 8-lactamase may be resistant 
because the rate of delivery of antibiotic is sufficiently slow to allow com- 
plete inactivation (10). f 

The 8-lactamases produced by gram-positive organisms (S. aureus being 
the most widely studied and the most important clinically) are primarily 
penicillinases, active against penicillin and ampicillin but not against the 
penicillinase-resistant semisynthetic penicillins (PRSP) such as methicillin, 
nafcillin, and oxacillin, and not against most cephalosporins. Most staphy- 
lococci therefore are susceptible to the cephalosporins; methicillin-resistant 
S. aureus are an exception, but this resistance is not due to penicillinase 
production (11-13). 

Some cephalosporins, notably cephaloridine and cefazolin, are known to 
be more susceptible to hydrolysis by S. aureus B-lactamase than other 
cephalosporins. Cephalothin is the most resistant to hydrolysis by these 
enzymes with cefoxitin and cefamandole being next most resistant. The 
clinical relevance of these observations is not clear although there is some 
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evidence to suggest that the more susceptible cephalosporins may be less 
effective for infections caused by f-lactamase-producing S. aureus (14). 
Until more information is available, if a cephalosporin is indicated for an 
infection due to £-lactamase-producing staphylococci, it is probably most 
prudent to use an agent such as cephalothin that is highly resistant to 
staphylococcal -lactamase and is of well-established efficacy (2). 
Gram-negative bacilli produce a vast array of 8-lactamases. Some are 
predominantly active against penicillins while others are very active against 
cephalosporins; some are coded for by plasmid genes and others by 
chromosomal genes. Of the currently available agents discussed in this 
paper, cefoxitin, a cephamycin, is the most resistant to hydrolysis by these 
8-lactamases. Using the classification of Richmond & Sykes (14a), cefoxitin 
is usually resistant to hydrolysis by types I, II, III (including TEM £- 
lactamase, a common broad spectrum enzyme type), IV, and V, although 
occasional enzymes are found that can hydrolyze cefoxitin. Cefuroxime 
(available in some parts of the world) is the ‘second most resistant to £- 
lactamase hydrolysis. Cefamandole is more resistant than cephalothin but 
less resistant than cefoxitin. The oral agent, cefaclor is also resistant to 
hydrolysis by TEM (type IIIa) 8-lactamase, the enzyme produced by 8- 
lactamase-producing H. influenzae and N. gonorrheae but is hydrolyzed by 
type I chromosomal cephalosporinases (2, 15-21). As mentioned above, the 
in vitro activity of partially purified 8-lactamase from a given organism fails 
to show 100% correlation with the results of in vitro susceptibility testing 
for that strain since susceptibility results from a combination of permeabil- 
ity, enzymatic modification, and susceptibility of target site. 


Spectrum of Activity 


Cephalosporins and cephamycins are truly broad spectrum antibiotics; as 
such, they are rarely the drug of choice for therapy of an established 
infection caused by a single organism. Most staphylococci, including 8- 
lactamase-producing strains, are inhibited by the first-generation cephalo- 
sporins. Methicillin-resistant S. aureus are resistant to cephalosporins; re- 
sults with methicillin-resistant S. epidermidis vary (22). Cephalosporins are 
active in vitro against almost all streptococci except enterococci and penicil- 
lin-resistant pneumococci. The majority of strains of E. coli, K. pneumoniae, 
and P. mirabilis, especially those that are community acquired, are sus- 
ceptible to cephalosporins, whereas most of the remaining aerobic and fa- 
cultative gram-negative bacilli, as well as some hospital-acquired R- 
factor-containing strains of E. coli, K. pneumoniae, and P. mirabilis, are 
resistant. Most anaerobic species are susceptible in vitro except for Bacter- 
oides fragilis (2, 23). 
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The currently available parenteral second-generation cephalosporin/ 
cephamycin antibiotic’ (cefamandole, cefoxitin, and cefuroxime) have ex- 
panded activity against gram-negative organisms and can be active against 
many cephalothin-resistant Æ. coli, Klebsiella,.and P. mirabilis, against H. 
influenzae and N. gonorrheae, including B-lactamase-producing strains, 
and against variable percentages of Citrobacter fréundti, Enterobacter, in- 
dole-positive Proteus sp., Providencia stuartii, and some Serratia sp. (23- 
29). Cefoxitin also has enhanced activity against B. fragilis (30, 31). None 
of these antibiotics is active against Pseudomonas. aeruginosa and none is 
sufficiently active against strains of Acinetobacter sp., Serratia sp, and other 
multiply resistant (frequently hospital-acquired) grani-negative bacilli; 
some of the new cephalosporins under investigation (discussed below) are 
of particular interest because of their enhanced activity against pseudomo- 
nas and serratia. 


Pharmacology 


ROUTE OF ADMINISTRATION Manipulations of the side chains on the 
B-lactam ring of cephalosporins produce compounds with varying phar- 
macologic properties. Of the currently available cephalosporins, cephalo- 
thin; cephapirin, cefoxitin, cephaloridine (all available in the US), 
cefuroxime, and cephacetrile (available in Europe) must be administered 
parenterally. Cephradine may be. administered orally or-parenterally. Ceph- 
alexin, cephradine, cefaclor, and cefadroxil produce adequate systemic lev- 
els after oral ingestion; cephaloglycine is also available for oral use but 
produces adequate levels only in the urine. Pain after injection is a major 
factor limiting the intramuscular administration of some cephalosporins; in 
general, cefazolin and cepaaloridine are better tolerated than the others by 
this route (23). ' 

After the administration of one gram intramuscularly, cephalothin, ceph- 
apirin, cephacetrile, and cefoxitin will produce peak serum levels of approx- 
imately 20 ug/ml: (32). Cefamandole produces slightly higher levels of 
20-35 ug/ml (33); cefuroxime and cephaloridine give peak values of up to 
40 ug/ml; and cefazolin produces peak serum levels of 50-75 ug/ml (2, 
23, 32, 33). A summary of major pharmacologic properties is shown in 
Table 2. 


METABOLISM AND EXCRETION Most cephalosporins do not undergo 
in vivo metabolism and are excreted unchanged in the urine, but some 
(cephalothin, cephaloglycine, cephacetrile, and cephapirin) have an acetyl 
group at the 3 (R!) position and undergo desacetylation in vivo to form 
desacetyl derivatives that are less active than the parent compounds. Cefoxi- 


566 MURRAY & MOELLERING 


Tabie 2 Cephalosporins (and cephamycin)—serum protein binding, peak serum concen- 
trations, and serum half-life (T1/2 $) after intramuscular administration of a one-gram 
dose or oral administration of a 500-mg dose 











Route of Peak Serum 
Protein adminis- serum level T1/28 
Compound bound (%) tration (wg/mi) (min) ` References 

Cefaclor 22-25 PO 10-22 30-60 78,116,117 
Cefamandole ` 67-80 IM 20-3 55-90 33, 34, 118, 119 
Cefazolin 74-86 IM 38-7€ 96-153 23,32 
Cefoxitin 50-73 IM. 20-22.5 41-48 23, 32, 33, 34 
Cefuroxime? 28-38 IM 34-46 65-82 33, 34,115,120 
Cephacetrile® 33-36 IM 22~-22.7 33-90 23, 32 
Cephalexin 10-15 PO 12-1& 36-54 23, 32 
Cephaloglycine “moderate” PO 0-2 ~ 32 
Cephaloridine 8-31 IM 38-46 48-90 23, 32 
Cephalothin 65-79 IM 15-21 28-51 23, 32, 33, 34, 119 
Cephapirin 44-50 IM 15-24 37-47 23, 32 
Cephradine 6-20 PO 11-22 31-58 23, 32 
Cephradine 6-20 IM 10.4 31-58. 32 


Cefadroxil 17-20 PO 17.8 80-97 81, 88 


a Marketed elsewhere, but not available in US. Abbreviations: PO = per os; IM = intra- 
muscular. 


tin undergoes negligible metabolism to its descarbamy] derivative (32, 34). 

Cephalosporins and their metabolic products are generally excreted into 
the urine by both glomerular filtration and tubular secretion. The only 
exception is cephaloridine, which does not undergo tubular secretion. Im- 
paired renal function leads to the accumvlation of- cephalosporins and 
potentially to toxic effects, although documented toxicity in these patients 
is uncommon (35). Recommendations for dose reduction relative to the 
degree of renal impairment are somewhat varied but general guidelines . 
based on recent reviews and the manufacturer’s recommendations are sum- 
marized in Table 3 (2, 35). The administraticn of probenicid blocks tubular | 
secretion of many agents including cephalosporins, which increases serum 
levels and prolongs the half-life. Since cephaloridine is secreted only negligi- 
bly by the renal tubules, its excretion rate is not appreciably altered by 
probenecid. 


ORGAN PENETRATION Cephalosporins appear to penetrate well into 
pleural, pericardial, and synovial fluid, into most other tissue spaces except 
CSF, and across the placenta (32, 34). The 2ffect of protein binding of an 
antibiotic upon its distribution into fluid spaces has been studied by various 
authors. Although some studies show an inverse correlation between the 
percentage of protein binding and penetration into inflammatory peritoneal 
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Table 3 “Maximum” daily maintenance dosages of selected cephalosporins in patients 
with varying renal function? 











Creatinine clearance (ml/min) 








Normal 





(>80) 80-50 50-25 ' 25-10 10-2 <2 
Cefazolin 4-6> 4 1-3 0.5-1.5 0.25-0.75 — 0.25-0:75 
Cefamandole 12 . 8 6 4 2 1.5 
Cefoxitin 12 8 6 4 0 2 1 
Cephaloridine 4 3 1.2-2 0.6 0.4 0.3 
Cephalothin ` 12 8 6 4. 2 1.5 
Cephapirin 12 4-8 4-8 4-8 2-3 1-2 
Cephradine 8 8 4-8 2-4 2 : 1-2 








a Maximum doses recommended by manufacturers. In some instances, doses given in the 
table are approximations calculated from manufacturers recommendations. For exact de- 
tails see package insert. 

Grams per 24 hours. 


fluid (36) or into fibrin clots (37), this is not a universal finding. Moreover, 
an antibiotic that is highly protein bound may in effect be captured within 
a protein-containing space with little or no back diffusion so that successive 
doses may result in progressively higher levels (36). This may partially 
explain the efficacy of cefazolin, a highly protein bound cephalosporin, in 
achieving high extravascular fluid levels in animal studies (38-40). In a 
comparative study of the penetration. of cephradine (approximately 10% 
‘protein bound) and cefazolin (approximately 85% protein bound) into 
atrial appendage and pericardial fluid, several interesting observations were 
made. As expected, the total serum concentration of cefazolin exceeded that 
of cephradine whereas the free serum concentration showed the reverse 
relationship. The total pericardial fluid concentrations were approximately 
equal whereas the free pericardial fluid concentrations of cephradine greatly 

- exceeded those of cefazolin. On the other hand, right atrial appendage 
muscle levels of cefazolin were greater than those of cephradine. The clini- 
cal implication of these findings remains obscure since it is not clear whether 
it is more important to have the higher and more prolonged serum levels 
achievable with cefazolin, as well as the higher atrial muscle levels observed, 
or to have the higher free serum and pericardial fluid levels observed with 
cephradine (41). 

Cerebrospinal fluid penetration by cephalosporins is generally poor, even 
in the face of meningeal inflammation, and bacterial meningitis due to 
cephalosporin-susceptible organisms has developed in patients receiving 
cephalothin and cefazolin (23). Cephaloridine gives relatively high CSF 
concentrations but clinical usage has not established its efficacy (42). Cefa- 
mandole also penetrates into the CSF in higher concentrations but clinical 
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results have been mixed (43, 44). Levels of cefoxitin of 4.3-12.3 ug/ml have 
been achieved in bacterial meningitis when cefoxitin is administered with 
probenecid (45), and results of therapy from a few studies have been encour- 
aging (46, 47). Cefuroxime levels of < 0.09 ug/ml with noninflamed me- 
ninges, up to 1.9 z4g/mi with moderately indamed meninges, and up to 3.9 
pg/ml with severely inflamed meninges have been observed (48, 49). Until 
further study, none of these agents should be relied upon for the therapy 
of bacterial meningitis. Biliary tract penetration by cephalosporins is vari- 
able and many of them do not achieve high concentrations. Cefazolin 
achieves levels that are equal to or higher than its serum levels but cefaman- 
dole and cefoxitin produce the highest levels, even though their serum levels 
are less than those produced by cefazolin (2, 32). Therapeutic levels may 
be obtained in patients with cholecystitis but are not achieved in the pres- 
ence of biliary obstruction (50-53). 


Adverse Effects 


With the exception of a few adverse effects such as dose-related nephrotox- 
icity, which is specific for cephaloridine, the presently available cephalospo- 
rins cause relatively few significant adverse reactions. Local reactions such 
as pain or phlebitis after intravenous (IV) ad:ninistration, pain on intramus- 
cular (IM) injection, and nausea or diarrhea after oral administration are 
relatively common. A number of studies have examined the potential of 
various cephalosporins and cephalosporin preparations [buffered vs unbuff- 
ered solutions (23)] to cause phlebitis after IV administration. The results 
of these studies have been less than conclusive. There are apparently no 
major differences among the cephalosporins in the incidence of phlebitis on 
IV administration, but the phlebitis caused by cephalothin may be more 
severe (11, 23, 54). Of the presently available compounds, cephaloridine and 
cefazolin are the best tolerated when given intramuscularly. Cefamandole 
and cefoxitin may also be given IM but cause more pain than cephaloridine 
or cefazolin (R. C. Moellering, personal observations). There appear to be 
no major differences in adverse reactions caused by the various oral ceph- 
alosporins. 

Of the systemic adverse effects caused by the cephalosporins, hypersen- 
sitivity reactions appear to be the most common. Eosinophilia, skin rash, 
drug fever, serum sickness, and anaphylaxis (the latter very uncommon) 
have been described in 2-5% of patients receiving cephalosporins (2, 23, 
55). If one excludes eosinophilia, the incidence of reactions given above 
would be cut approximately in half (56). Of practical concern is the inci- 
dence of allergic reactions to the cephalosporins in patients with a past 
history of penicillin allergy. Patients with documented penicillin allergy 
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develop serum antibodies that cross-react with the cephalosporins (55). 
Most of these are directed against the “major antigenic determinants” 
(penicilloyl-protein and cephaloyl-protein). Since cephaloy! groups are 
very labile, they may not remain in serum long enough to play a major role 
in cross-sensitivity reactions. “Minor antigenic determinants” may be more 
important in IgE-mediated immediate reactions to the penicillins and ceph- 
alosporins (57), but the exact significance of this in determining cross- 
sensitivity remains to be determined (58). A number of studies suggest that 
the overall risk of allergic reations to the cephalosporins in patients with 
documented penicillin allergy is 5-16% (55, 59). However, it is not clear 
whether this represents a degree of cross-sensitivity or whether it is simply 
because one sees a higher incidence of hypersensitivity reactions even to 
immunologically unrelated drugs in patients with prior history of allergy to 
other agents. It therefore seems reasonable to avoid cephalosporins in pa- 
tients with past history of documented anaphylaxis or immediate hypersen- 
sitivity reaction to the penicillins, even though anaphylaxis to 
cephalosporins is very rare. However, cephalosporins may be given to pa- 
tients with other types of allergy (drug fever, morbilliform rash, etc) to the 
penicillins (2, 23), 

Nephrotoxicity is rare with any of the cephalosporins except cephalori- 
dine, which predictably produces dose-related proximal tubular damage in 
the kidney (23, 60). The other cephalosporins can produce similar effects 
in experimental animals, but only at much higher doses than cephaloridine 
(23). These agents can also rarely produce interstitial nephritis, presumably 
on an allergic basis (61). There has been a great deal of controversy concern- 
ing the ability of cephalosporins to potentiate aminoglycoside nephrotox- 
icity. Early uncontrolled clinical studies were inconclusive and animal 
studies showed that cephalosporins protected against, rather than poten- 
tiated, aminoglycoside nephrotoxicity (23, 61-63). A recent prospective 
blind study, however, strongly suggests that nephrotoxicity is more com- 
mon after cephalosporin-aminoglycoside than after penicillin-aminoglyco- 
side adminstration in man (64). 

Hematologic abnormalities are rare in patients receiving the cephalospo- 
rins. Although a few patients on cephalosporins develop positive Coombs 
tests, hemolytic anemia rarely occurs. Reversible leukopenia and throm- 
bocytopenia are also infrequent (55). The cephalosporins interfere with 
platelet function when present in high concentrations in vitro, but the 
clinical significance of this observation remains to be proven (65). Patients 
receiving broad spectrum cephalosporins may develop prolonged pro- 
thrombin times, which are reversible with vitamin K administration and are 
presumably due to the impaired production of vitamin K that results from 
the suppression of gut flora by these agents (56, R. Kammer, personal 
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communication). Transient elevations in serum transaminase and alkaline 
phosphatase have been seen in some patien-s receiving cephalosporins, but 
this appears to be of no clinical significance (66). 


Cephalosporins and Cephamycins Currently Available 


PARENTERAL AGENTS 


Cephalothin Cephalothin was the first clinically available cephalosporin. 
It does not produce significant serum or urine levels after oral ingestion, is 
quite painful when administered intramuscularly, and frequently causes 
phlebitis after intravenous use. Its activity against 6-lactamase-producing 
S. aureus is greater than or equal to that of the other cephalosporins. It is 
also effective against most other gram-positive organisms, except en- 
terococci. Most strains of P. mirabilis, salmonella, shigella, E. coli, and 
Klebsiella pneumoniae are susceptible in vitro, whereas indole-positive Pro- 
teus sp., acinetobacter, pseudomonas, and serratia are resistant (67). Be- 
cause of rapid renal excretion and resultant short serum half-life, 
cephalothin should be administered intravenously every four hours and the 
total daily dose is usually 3-8 g per day (2, 32). Larger doses (up to 16-24 
g per day) have been used safely for severe infections. 


Cephaloridine The spectrum of antibacterial activity of cephaloridine is 
similar to that of cephalothin. Its chief differences are its pharmacologic 
properties and toxicity potential. Unlike other cephalosporins, cephalori- 
dine is not appreciably secreted by the renal tubules; thus the administration 
of probenicid does not result in enhanced serum concentrations of this drug. 
Cephaloridine is well tolerated intramuscu_arly, penetrates relatively well 
into the CSF, but does not produce high biliary levels (23). The major 
drawback of cephaloridine is its potential for dose-related nephrotoxicity 
(60) due to proximal tubular damage. For this reason, the dose of cephalori- ° 
dine should be limited to 4 g per 24 hours and reduced or avoided altogether 
if there is preexisting renal insufficiency. With the introduction of other 
cephalosporins, such as cefazolin, which are also well tolerated intramuscu- 
larly, there presently appears to be little indication for using cephaloridine. 


Cephacetrile Cephacetrile is a first-generation parenteral cephalosporin 
unavailable in the US. Doses and indications are the same as for cephalothin 


(2). 


Cephapirin Cephapirin is similar to cephelothin in spectrum of activity, 
pharmacokinetic properties, and toxic potential (2). Clinical experience 


CEPHALOSPORINS 571 


with this drug is not as extensive as with cephalothin; no clinically signifi- 
cant differences between the two agents have yet been demonstrated. 


Cephradine Cephradine is the only cephalosporin commercially available 
in both an oral and a parenteral form. The structure, pharmacologic proper- 
ties, recommended doses, and indications for oral use resemble those for 
cephalexin (32, 34); neither cephalexin nor cephradine has as broad a 
spectrum of activity as cefaclor. When used intramuscularly, peak levels 
may be lower than those achieved after oral administration. Indications and 
doses for intravenous cephradine are similar to those for cephalothin. 


Cefamandole Cefamandole was the first cephalosporin with a truly ex- 
panded spectrum of activity to be released in the US. In comparison to 
cephalothin, it is more active in vitro against Enterobacter sp., Proteus 
inconstans, the newly classified Morganella morganii, Providencia rettgeri, 
P. stuartii, some cephalothin-resistant E. coli and K. pneumoniae (11), and 
beta-lactamase-producing H. influenzae. It has been used successfully in 
vivo for infections due to these organisms, but the potential for the emer- 
gence of resistance in strains of enterobacter remains a concern (68-70). 
Cefamandole is more active than cefoxitin against gram-positive cocci but 
much less active than cefoxitin against Bacteroides fragilis (30, 31). Cefa- 
mandole is usually given every 6 hours intravenously in doses of 2-12 g per 
day. Intramuscular injections are painful, but the drug can be administered 
by this route if necessary. ` 


Cefoxitin Cefoxitin is not a cephalosporin but a member of the cephamy- 
cin family, a group of structurally similar compounds derived from Strep- 
tomyces species. Its spectrum of activity is significantly broader than that 
of cephalothin except against gram-positive cocci. It is active in. vitro 
against many indole-positive Proteus sp., Providencia stuartii, some strains 
of Serratia marcescens, and many cephalothin-resistant E. coli and K. 
pneumoniae (26, 27, 71). It is also active against Neisseria sp. including 
f-lactamase-producing, penicillin-resistant strains of N. gonorrheae (72). 
Cefoxitin is the most active of the currently available cephalosporins against 
B. fragilis and is generally active against other anaerobes as well (30, 31). 
Of the currently available cephalosporin-cephamycin compounds, cefoxitin 
appears to be the most resistant to hydrolysis by the 6-lactamases produced 
by gram-negative organisms. Pharmacologic parameters resemble those of 
cephalothin although peak serum levels of cefoxitin may be slightly higher 
(2, 26). The suggested dose is 2 g given every 4-6 hours; because IM 
injections are painful, it is best to. give cefoxitin intravenously. 
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Cefuroxime Cefuroxime is a parenteral cephalosporin presently unavaila- 
ble in the US. When compared with other available cephalosporins, it 
displays increased resistance to hydrolysis by 8-lactamases found in gram- ` 
negative organisms; however, it is less resistant to hydrolysis than is cefoxi- 
tin (16, 18, 24). Its in vitro activity is roughtly similar to that of 
cefamandole, and it is effective against penicillin-resistant gonococci (2, 73). 


ORAL AGENTS 


Cephaloglycine Cephaloglycine is an early cephalosporin that has lost its 
place in today’s antibiotic armanentarium. It is an oral agent that achieves 
adequate urinary concentrations but not adequate serum concentrations. 
Other oral agents are superior either because of a wider spectrum of activity 
or more favorable pharmacologic properties. 


Cephalexin Cephalexin has a spectrum of activity similar to cephalothin. 
It is well absorbed per cs (PO) although it commonly causes mild diarrhea 
(32). It is excreted unchanged into the urine where very high concentrations 
are found. Peak serum levels after 500 mg PO are 13-18 pg/ml (23, 32); 
cephalexin is effective in the therapy of soft tissue infections caused by 
susceptible organisms. The usual dose is 1—4 g per day in divided doses 
every 6 hours. , 


Cefaclor Cefaclor is a new oral agent structurally similar to cephalexin 
except that a chlorine atom is substituted for the methyl group on the 
dihydrothiazine ring. The resulting molecule is less stable than cephalexin. 
In vitro testing shows that cefaclor is somzwhat more active than -ceph- 
alexin, cephaloglycine, and cephradine against gram-positive cocci, but it 
_ is more susceptible to hydrolysis by staphylococcal B-lactamase (74, 75). 
Cefaclor is also slightly more active than the other available oral agents 
against Æ. coli, P. mirabilis, K. pneumoniae, S. typhi, and N. gonorrheae, but 
not against enterococci, Enterobacter sp., or indole-positive Proteus sp. 
Perhaps most important are the observations that cefaclor is efficacious 
against H. influenzae, including §-lactamase-producing strains (76, 77). 
The pharmacokinetics of cefaclor in patients with normal renal function are 
similar to cephalexin, but in patients with impaired renal function the 
half-life of cefaclor is not nearly as prolonged. as that of cephalexin and 
dosage adjustment is usually not required (78, 79). 


Cefadroxil Cefadroxil is a new semisynthetic cephalosporin that is well 
absorbed from the gastrointestinal tract even when administered during a 
meal (80). Peak serum levels may be slightly less than or equal to those. 
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achieved with cephalexin but the serum concentration is maintained at a 
higher level beginning 90 minutes after the dose and continuing through 12 
hours (80-82). Although almost all the drug is excreted into the urine, it 
is cleared more slowly than cephalexin, producing prolonged high urine and 
serum concentrations. The antibacterial spectrum of cefadroxil is similar to 
that of cephalexin, although in one study of experimental infections of mice 
cefadroxil was more protective against S. aureus and S. pneumoniae (83). 


Cephalosporins Under Investigation 

Efforts to create improved f-lactam drugs by manipulations in and around 
the 8-lactam ring have led to the development of 6-lactam antibiotics with 
improved pharmacokinetic properties and/or an expanded spectrum of 
activity. Several of the more promising of these recent developments are 
discussed. below. 


Cefotaxime Cefotaxime (HR 756) is clinically available in Europe, but 
remains under investigation in the US. It is a semisynthetic cephalosporin 
whose spectrum of activity against gram-negative bacilli is superior to that 
of other currently available cephalosporins including cefamandole, cefoxi- 
tin, and cefuroxime. It is active in vitro against most Æ. coli, klebsiella, 
enterobacter, proteus, providencia, citrobacter, and many serratia, even 
when such organisms are cephalothin or aminoglycoside resistant (84-86). 
The presence of a methoxy group on the side chain at the 7 position (Figure 
2) provides resistance to hydrolysis by many £-lactamases (88) produced by 
gram-negative bacilli. Cefotaxime is equal to or more active than the older 
cephalosporins against @-lactamase-producing H. influenzae and N. gonor- 
rheae (84, 89, 90). Its activity against P. aeruginosa is similar to that of 
carbenicillin and ticarcillin but achievable levels may not be comparable 
(85, 86, 91-93). It is somewhat less effective than cephalothin or cefaman- 
dole against S. aureus (84, 87). Its activity against B. fragilis is less than 
that of cefoxitin and it is less active against these organisms than against 
other anaerobic species (86, 94, 96). Cefotaxime contains an acetyl group 
at the 3 position (Figure 2); hence it undergoes in vitro desacetylation with 
resultant loss of activity (87). The clinical significance of this metabolic 
degradation must be carefully investigated, but it has not yet been a major 
problem in clinical trials. Early clinical trials suggest that cefotaxime may 
provide CSF concentrations adequate to treat meningitis (95). 


Ceftizoxime Ceftizoxime (FK 749) is the desacetoxymethyl derivative of 
cefotaxime (Figure 2) (84). Its activity against H. influenzae, N. gonorrheae, 
and enterobacteriaceae is similar to or greater than that of cefotaxime and 
it is more active against Serratia marcescens. It is also more active than 
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Figure 2 Cefotaxime is a semisynthetic cephalosporin whose spectrum of activity against 
gram-negative bacilli is superior to that of other currertly available cephalosporins including 
cefamandole, cefoxitin, and cefuroxime. 

cefoxitin when tested against B. fragilis (93). The level of resistance 
of céftizoxime to hydrolysis by penicillinases and cephalosporinases i is com- 
parable. to that of cefoxitin and cefotaxime; it is slightly more stable 
than cefuroxime, and much more stable than cefamandole or cefoperazone 


(15). 


Cefoperazone The results of in vitro testing of cefoperazone (T-1551) indi-: 
cate that, although it is somewhat less active than the above two agents, and 

about equal to cefoxitin and cefamandole against many gram-negative 

bacilli, it is more effective against P. aeruginosa,. inhibiting 50% of strains 

at a concentration of 5-6.2 ug/ml and 90% of strains at 16-50 ug/ml (85, 

96, 97). It appears to be very effective against B-lactamase-positive H. 

influenzae but is less active than cephalothin against S. aureus (96). 


Cefsulodin Cefsulodin (SCE 129) also offers promise as an antipseudo- 
monal antibiotic, inhibiting 50% and 90% of strains at 3.1 ug/ml and 50 
pg/ml respectively (85, 98, 99). It is less active than other cephalosporins 
against H. influenzae (100), enterobacteriaceae, and streptococdi (97), close 
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to cefoxitin in effectiveness against many anaerobes (94), and exhibits good 
antistaphylococcal activity. 

Cefordnide Ceforanide is a new semisynthetic, parenteral cephalosporin 
with a broad spectrum of activity comparable to cefamandole and cefoxitin 
(101-103). The chief advantage of ceforanide appears to be its phar- 
macologic properties. Its serum half-life is 2.6-2.8 hours, longer than for 
other cephalosporins. It is not metabolized, is removed almost entirely by 
the kidneys, and is bound to protein somewhat less than cefazolin (104, 
105). It is well tolerated when given intramuscularly and has been used 
successfully in clinical trials for cellulitis, pneumonia, and other infections 
even when given only every 12 hours (106, 107). 


Moxalactam Moxalactam (LY 127935) is a 1-oxa-8-lactam that differs in 
structure from the cephalosporins in that the sulfur atom in the dihydro- 
thiazine ring has been replaced by oxygen (Figure 2). It is the first totally 
syntheti¢ 8-lactam antibiotic and technically, it is not a true cephalosporin. 
However, like the cephamycins, it shares so many properties with the 
cephalosporins that it is convenient to consider it in the same context. 
Moxalactam is highly active in vitro against many enterobacteriaceae in- 
cluding Enterobacter sp., indole-positive Proteus sp., and Serratia sp. Its 
activity against P. aeruginosa approximates that of cefotaxime. For many 
organisms, it is roughly equal in efficacy to cefotaxime and more active than 
cefoxitin, cefamandole, or cefuroxime (85-87, 108-111). It is resistant to 
hydrolysis by almost all gram-negative B-lactamases (112, 113). It is as 
active against H. influenzae and N. gonorrheae as cefotaxime, cefopera- 
zone, and ceftizoxime; more. active than cefotaxime and cefoxitin against 
` B. fragilis; but less active than cephalothin and cefamandole against sta- 
phyloccoci and streptococci (86, 94, 111, 114). Moxalactam does not un- 
dergo significant in vivo metabolism, and early clinical trials suggest that 
it provides CSF concentrations adequate to treat gram-negative meningitis. 


Conclusion 


The cephalosporins (including the closely related cephamycins and their 
synthetic cousins) represent a group of antimicrobial agents that elucidates 
clearly the advances in our present understanding of the structural and 
functional relationships of therapeutic agents. This knowledge has led to the 
development of many drugs. with both pharmacokinetic and therapeutic 
advantages over the older members of this class. Developing improved 
drugs by molecular manipulation is a most exciting concept, but it poses 
problems for the practitioner who is faced with a bewildering array of drugs 
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and whose choices will not be made easier by the rapid proliferation of new 
cogeners. Indeed, it is only with a thorough understanding of the basic 
properties of these drugs and via knowledge of their potential therapeutic 
advantages and disadvantages that the clinician can hope to make a rational 
choice. For a class of drugs as extensive and as rapidly evolving as the 
cephalosporins, this represents a major challenge. The benefits to be ‘derived 
from this process, however, seem worth the effort! 
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DIFFERENTIAL DIAGNOSIS | #7420 
AND TREATMENT OF PANIC 
ATTACKS AND PHOBIC STATES 


Michael R. Liebowitz, M.D. and Donald F. Klein, M.D. 


Department of Psychiatry, College of Physicians and Surgeons, Columbia 
University, and the New York State Psychiatric Institute, 722 West 168th 
Street, New York, New York 10032 : 


Introduction 


_Twenty years ago a physician’ s ability to help patients with severe anxiety 
(panic) attacks or various types of phobia was quite limited. During the past 
two decades, however, our understanding of and ability to treat these condi- 
tions has increased immensely. This-chapter, which begins with an illustra- 
tive case, documents this progress in the areas of differential diagnosis, 
pathophysiology, pharmacotherapy, and behavioral treatment approaches. 


Case Report 


INTRODUCTION AND CHIEF COMPLAINT The patient was a 32-year- 
old married woman referred by her internist for psychiatric evaluation and 
treatment of recurrent ‘ ‘severe anxiety attacks.” 


PRESENT ILLNESS The patient reported that for the past six months she 
had been experiencing episodes of severe anxiety. These episodes would 
start without identifiable precipitants, build up “like a wave” to a level of 
panic over 15-20 minutes, and gradually subside by the end of an hour. 
When having these attacks, the patient experienced the following: “My . 
chest tightens, my ears clog, my palms sweat, I have a sense of dread, and 
it feels like I’m losing control.” These episodes occurred in a variety .of 
situations where fast exit was difficult, such as supermarket lines, buses, 
crowded stores, restaurants, and elevators. In each case the patient would 
immediately fiee the situation, even if it meant, for example, abandoning a 
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basket full of groceries she was waiting to pay for. Furthermore, she had 
begun to limit her activities because she feared having a panic attack: she 
avoided restaurants and department stores, took taxis instead of buses, and 
` shopped at times when there were no lines in the supermarkets. 

She had seen her internist several times For this problem. He had pre- 
scribed diazepam (Valium®) 10 mg t.i.d. for her anxiety symptoms, which 
calmed her between episodes but did not block the panic attacks. She was 
on no other medication. She also denied use of other psychoactive agents 
or abuse of alcohol. l 

The patient had been upset and worried by her elderly father’s declining 
health over the past year. She had also suffered a spontaneous abortion eight 
months before her anxiety symptoms began after developing preeclampsia 
in her sixth month of pregnancy. Finally, she had experienced several weeks 
of “unrelenting criticism” by her superior at work immediately prior to the 
onset of her panic attacks. 

Her first panic attack occurred during a tusiness luncheon, from which 
she had to hastily excuse herself. Because of her boss’s constant criticism 
and refusal to grant her vacation time to visit her ailing father, she quit her 
job, stayed at home without working for three months, and then took a less 
demanding job, all without resolution of her symptoms. 

She also began to feel “depressed” after several months, with a loss of 
enthusiasm for life, accompanied by initial insomnia and a 15-lb weight loss. 
This lasted for two months; however, she had regained the lost weight by 
the time of her initial psychiatric consultation, although her initial insomnia 
persisted. In addition, her abilities to enjoy friends, her husband, sex, read- 
ing, television, etc were at no time impaired. Furthermore, she denied 
middle or terminal insomnia, loss of energy, symptoms of agitation or 
psychomotor retardation, self-reproach or inappropriate guilt feelings, diur- 
nal variation, inability to’ concentrate or make decisions, or recurrent 
thoughts about death or suicide. 


PAST PSYCHIATRIC HISTORY The patient had experienced one prior 
attack several years earlier when trapped in a malfunctioning elevator. 
` Otherwise, she had no prior history of psychiatric disorder and had never 
previously consulted a psychiatrist. She had been despondent for several 
weeks after her miscarriage, but without vegetative signs and with prompt 
return to normal function. 


SOCIAL HISTORY The patient was the oldest of four siblings. The only 
family history of psychiatric disorder was a long stay in a sanitarium by her 
paternal grandmother for “nervous breakdown.” The patient described her 
childhood as “happy.” She had no difficulty leaving home for school or 
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summer camp. The family was described as economically secure and so- 
cially well placed, and her parents got along reasonably well. 

The patient’s father is reported to have at time abused alcohol and 
become verbally abusive to his children, criticizing their intelligence and 
challenging them to argue back and defend themselves. The patient would 
“fight back” more than would her siblings, but felt at such times that she 
was in a “no-win” situation in that her father liked to argue and to outwit 
his children and would never admit he was wrong. Thus the arguments 
would continue until the children submitted, which was the only way to 
regain their father’s affection. In general, the patient felt that she and her 
siblings had to humor her father to maintain his affection and approval, and, 
if they didn’t humor him, they had to stay out of his way. 

There appeared to be no unusual problems in adolescence, either aca- 
demic or social. She attended a highly rated college. She then went on to 
obtain a graduate degree, married a successful businessman, and finally 
settled in a large city. She worked for several years at various jobs, finally 
quitting because she felt male co-workers were being advanced more 
quickly than she. She then entered the advertising field, during which time 
she became pregnant for the first time, developed toxemia, and miscarried. 
She went back to the same job but after several months started feeling 
unfairly and unrelentingly criticized by her boss. It was at this point that 
her panic symptoms began. 


MEDICAL HISTORY The patient underwent a post-traumatic splenec- 
tomy in her mid-20s. The only other pertinent medical history is described 
in the present. illness. 

The patient had had a full work-up by her internist, including physical 
examination and laboratory evaluation immediately prior to her referral; 
the results were within normal limits. 


MENTALSTATUS The patient presented as a slender, fashionably dressed 
woman looking her stated age. She appeared worried about her symptoms, 
distressed by their restrictive effect on her life, and bewildered as to why 
they were happening. She was sad without psychomotor retardation and 
was without psychotic ideation or cognitive impairment. She related in a 
cooperative and appropriate manner. 


Differential Diagnosis 

This case raises many interesting questions pertaining to the differential 
diagnosis, treatment, and clinically relevant research of anxiety and phobic 
disorders. In terms of diagnosis, using the Diagnostic and Statistic Manual 
(DSM-ID), this patient would have been diagnosed as having features of an 
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anxiety neurosis, a phobic neurosis, and a depressive neurosis: In DSM-II 
an anxiety neurosis was characterized by “anxious over-concern”—extend- 
ing to. panic and frequently associated with somatic symptoms such as 
faintness or palpitations—that would occur under any circumstances. A 
patient with a phobic neurosis might show similar symptoms, but only when 
exposed to specific situations or objects, though these were consciously 
recognized as presenting no real danger. Phobias were generally attributed 
to fears displaced to the phobic situation or object from some other object 
of which the person was unaware. 

Clinical research findings of the past two decades, however, now permit 
us to more precisely dissect these anxiety and phobic conditions. For exam- 
ple, the patient discussed above began to Lave brief episodes of intense 
anxiety or panic six months before presenting for psychiatric treatment. 
While first occurring at a business luncheon, the panic attacks soon began 
to happen in supermarket lines, buses, crowded stores, restaurants, and 
elevators. Whenever they occurred, she was forced to precipitously flee the 
situation before her anxiety symptoms would abate. 

Within a short time the patient began to feel anxious before entering the 
above-mentioned situations; that is, she began to worry that she might 
become panicky. She was thus experiencing anticipatory anxiety when she 
had to go to a supermarket, restaurant, bus, cr elevator. The third and final 
step was to begin to avoid the feared situations, to develop phobic avoidance 
of places in which panic attacks had occurred. These seem to include any 
situation in which immediate exit was difficult or access to trusted persons 
restricted. y ' 

The crucial distinction to be made is that the core event was the spontane- 
ous panic attacks, which led to the development of anticipatory anxiety and 
then phobic avoidance. That the panic attack is qualitatively distinct from, 
and not just an intensification of, the anticipatory anxiety is supported by 
their differential pharmacological responses. Klein (1) demonstrated that 
the panic attacks themselves could be blocked.by the tricyclic antidepres- 
sant imipramine, which, however, did not affect the anticipatory anxiety. 
Benzodiazepines and other minor tranquilizers, on the other hand, amelio- 
tated the anticipatory. anxiety but had no effect on the panic attacks them- 
selves. Thus, panic attacks appear to represent a form of anxiety biologically 
distinct from anticipatory (or “free-floating’’) anxiety. 

This in turn leads to a more logical classification of phobic disorders, with 
a separation of those involving spontaneous panic attacks from those that 
do not. In DSM-III, the former will be classified as Panic Disorder or 
Agoraphobia with Panic Attacks, depending on whether an individual with 
spontaneous panic attacks also has a widespread inability to travel outside 
the home. “Agoraphobia,” a fear of open or public places, is most often 
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actually a fear of leaving home, based in turn on a fear of having a panic 
attack. The panic attacks themselves are often episodic, and may clear 
spontaneously after 6-12 months. However, they tend to recur and occa- 
sionally they become chronic. In addition, the agoraphobic behavior often 
becomes chronic because after a time the patient may give up trying to enter 
feared situations. 

Other types of phobias that do not involve spontaneous panic attacks are 
listed in DSM-III under the headings of Agoraphobia without Panic At- 
tacks, Social Phobia, and Simple Phobia. Agoraphobia, as mentioned previ- 
ously, involves a fear of open or public places away from home. Although 
often preceded by panic attacks, it occasionally occurs in their absence. 
Social Phobia is defined in DSM-III as a persistent, irrational fear of, and 
compelling desire to avoid, a situation in which the individual is exposed 
to possible scrutiny by others and fears that he or she may act in a way that 
will be humiliating or embarrassing. Examples of Social Phobia are fears 
of public speaking or performing in public, using public lavatories, eating 
in public, and writing in the presence of others. Simple Phobia involves an 
irrational fear of, and desire to avoid, objects or situations not included in 
the definitions of Agoraphobia and Social Phobia. These often involve 
animals, particularly dogs, snakes, insects, and mice, or situations such as- 
closed spaces (claustrophobia) or heights (acrophobia). As will become 
clear later in the discussion, the presence or absence of spontaneous panic 
attacks has crucial treatment implications. 

Physical disorders such as withdrawal from sedatives, hypoglycemia, 
pheochromocytoma, and hyperthyroidism may cause symptoms similar to 
a panic attack and must be ruled out when making the diagnoses of Panic 
Disorder and Agoraphobia with Panic Attacks. These diagnoses are also 
not made in DSM-III if the panic attacks are symptomatic of another 
mental disorder, such as Schizophrenia, Major Depressive Disorder, or 
Somatization Disorder. 

A number of features complicate the clinical picture and serve to obscure 
the diagnosis of Panic Disorder. As first noted by Roth (2), some patients 
with phobic anxiety also manifest symptoms of depersonalization or dereali- 
zation, which may occur at times other than during a panic attack. There 
may also be a relationship between separation anxiety in childhood and 
panic attacks, since between 20% (outpatients) and 50% (inpatients) of 
agoraphobic adults who present for treatment have a history of separation 
anxiety in childhood, often manifested as difficulty attending school (1). 

Adult patients with Agoraphobia with Panic Attacks, who may present 
as housebound, desperately clinging, and fearful of being alone, have often 
been regarded as infantile personalities with severe, unmet dependency 
needs. The tendency has been to regard their symptoms as evidence of a 
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failure to master the early stages of psychalogical development involving 
object constancy and ‘separation-individuation. Long courses of psy- 
choanalytically based treatment were often prescribed, which, in the light 
of recent findings, may not be the treatment of choice. 

Other complications of panic attacks are alcohol or sedative abuse. These 
may involve attempts at self-medication, wh:ch diminish anticipatory anxi- 
ety but have no effect on blocking panic actacks. Hence the dosages are 
constantly increased until physical or psychological dependence super- 
venes. An inquiry about panic attacks should always be included in the 
evaluation of alcohol- or sedative-abusing patients. 

Panic attacks may also occur in conjunction with a depressive illness (3). 
At times the panic attacks may be the original symptom, with depression 
supervening. Most often this involves demoralization in response to the 
travel restrictions and attendant loss of self-2zsteem, and lacks many of the 
features of a full-blown depressive syndrome On the other hand, the illness 
may start with a depression and be complicazed by the subsequent develop- 
ment of panic attacks. According to DSM-III guidelines, if panic attacks 
occur solely in the context of a depressive episode, then only a diagnosis of 
Depressive Disorder is made. However, if the panic attacks predate the 
depression, as was the case with the patient discussed above, then a diagno- 
sis of Panic Disorder or Agoraphobia with Panic Attacks is warranted in 
addition to that of a Depressive Disorder. However, while demoralized 
about her functional impairment, this patient lacked sufficient symptoms to 
meet DSM-III criteria for a Major Depressive Disorder. She was therefore 
given the secondary diagnosis of Adjustment Disorder with Depressed 
Mood. ; 

Several recent reports have also linked anxiety-panic syndromes to car- 
diovascular disorders such as hyperdynamic beta-adrenergic state (4, 5) and 
mitral valve prolapse syndrome (MVPS) (2). While hyperdynamic beta- 
adrenergic circulatory state was originally described in patients who had 
attacks of palpitations, chest discomfort, or tachycardia after exercise or 
stress (4), it has more recently been reported zs brief episodes of nervousness 
or anxiety, often occurring without physical or emotional precipitants, that 
can be reproduced by isoproterenol infusions and blocked by maintenance 
propranolol (5). These findings suggest that some panic-attack patients may 
have increased beta-adrenergic receptor site reactivity. 

Patients with MVPS are prone to extrasystoles, cardiac awareness, tachy- 
cardia, palpitation, syncope, fatigue, dyspnea, and atypical chest pain (3). 
The principal anatomic defect is a redundance of the myxomatous connec- 
tive tissue of the mitral valve which causes the valve to billow or prolapse 
into the left atrium during systole. The diagnosis is made on the basis of 
characteristic auscultatory findings and by echocardiogram. In one series 
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of 17 patients with panic attacks who received full cardiac evaluations, six 
had definite and two had probable evidence of MVPS (3), which suggests 
a strong relationship between the two disorders. However, the incidence of 
MVPS in the general population is uncertain and at first we were not sure 
that it differed significantly from that found in Pariser et al’s sample. For 
example, one recent study of 100 presumably healthy young females re- 
ported that 17% showed phonocardiographic and 21% echocardiographic 
evidence of MVPS, while 18% had either one or the other finding, and 10% 
had both (6). 

We recently found that half of the 20 patients cardiologically evaluated 
in our own study sample had auscultatory and echocardiographic evidence 
of MVPS (7), a finding whose significance is as yet unclear. Panic patients 
with and without MVPS show no differences in family histories of panic 
disorder (8) or in response to imipramine (7). Gorman et al (7) speculate 
that while MVPS is not sufficient to account for panic attacks, it “may either 
play a provocative role” in predisposed individuals or “be linked to panic 
disorder through a generalized disturbance of the autonomic nervous sys- 
tem.” 


Pathophysiology 


PRECIPITANTS OF PANIC DISORDER The first episode of panic attacks 
occurs in many patients, especially females, upon either threatened or actual 
separation from or loss of a loved person. Such patients often have histories 
of childhood separation anxiety as well. A common precipitant for male 
patients is a life-threatening event or illness. Another substantial proportion 
of patients seem to develop panic attacks in the context of endocrinological 
change. In one series of 32 patients, panic attacks began in three patients 
within a year of oophorectomy; in three within a year of hysterectomy; in 
three within one month postpartum; in two within a week prepartum; and 
in one within a week after beginning thyroid substitution treatment for 
hypothyroidism with associated amenorrhea (1). The patient reported 
above had a miscarriage and toxemia eight months before the onset of her 
panic attacks. Thus some phobic anxious patients appear to have a life-long 
vulnerability to separation-induced anxiety, while others have normal life 
adjustments until the onset of their anxiety symptoms following a traumatic 
life event or alteration of endocrine status (1). 

One might be tempted to suggest at this point that in the case described 
above there exists a “clear-cut” psychodynamic explanation for the onset 
of the patient’s panic attacks, namely that the difficulty with her boss 
reactivated the conflicted and unresolved childhood experience of the bully- 
ing father. However, psychodynamic formulations of agoraphobia, which 
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led to psychoanalytically based treatment approaches, have in general 
proven rather unsuccessful (9, 10). 

Nemiah (11) recently hypothesized that in patients with a biological 
vulnerability to panic, psychological conflict may give rise to panic attacks. 
In individuals without such a diathesis, similar conflicts would produce 
more general anxiety symptoms without discrete panic attacks. This con- 
ceptualization is compatible with the frequently reported finding of specific 
psychodynamic conflicts in some individuals with agoraphobia, without 
assigning etiological status in those conflicts. Such a “biological” formula-. 
tion, implicit in Freud’s early work on anxiety neurosis (12), was abandoned 
by later psychoanalytic investigations, which began to explain agoraphobia 
in exclusively psychological terms. This had the consequence of suggesting 
exclusively psychological treatment approaches, primarily. psychoanalysis. 


LACTATE INFUSIONS AND PANIC ATTACKS Despite the diversity of 
precipitating events, all patients with spontaneous panic attacks may have 
a common pathophysiological aberration, as suggested by the finding that 
intravenous lactate infusions will precipitate panic attacks in such individu- 
als, but not in normal controls (13). As was first pointed out by Pitts & 
McClure (13), it is possible to regularly precipitate panic attacks, in patients 
prone to spontaneous episodes of panic, by the intravenous administration 
of sodium lactate. Furthermore, this occurs only rarely in normals, who 
usually experience rather mild symptomatology such as slight paresthesias 
and muscle tremor. 

This finding, established under double-blind circumstances, has been 
amply replicated by other groups of investigators (14-16). It must be con- 
sidered one of the better demonstrated facts in the experimental precipita- 
tion of psychopathological states. The meaning of this finding, however, still 
remains obscure. For instance, Pitts & McClure believe that the panicogenic 
effect was due to the chelation of calcium; they demonstrated that adding 
calcium to the sodium lactate prevented the occurrence of panic attacks. 
Fink, Taylor & Volavka (14) replicated this finding. However, Grosz & 
Farmer (17) consider it unlikely that lactate works via chelation of the 
calcium ion. Also, Pitts & McClure had given intravenous EDTA to a 
group of panic disorder patients who actually experienced tetany but not 
panic attacks. This area remains unclear and requires further investigation. 

Ackerman & Sachar (18) also raised the question whether there was truly 
a specific panicogenic effect from lactate. They questioned whether there 
was not some sort of conditioned response whereby patients experienced the 
lactate infusion as producing autonomic symptomatology reminiscent of 
the onset of the panic attack and were therefore thrown into a panic attack, 
whereas normals had not developed such a learned sequence. 
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Although possible, this hypothesis seems contradicted by two main bod- 
ies of fact. First, EDTA infusions administered by Pitts produced profound 
hypocalcemic symptoms but no anxiety attacks in either anxiety neurotics 
or controls. Such infusions should certainly produce sufficient autonomic 
disturbance to throw patients into a panic attack if all that was required was 
a nonspecific trigger. Second, lactate-induced panic attacks resemble the 
spontaneous panic attacks with regard to the blocking effects of antidepres- 
sants. Kelly’s group (16) induced panic attacks in eight agoraphobic pa- 
tients and then treated them with phenelzine. Five of the eight patients 
responded well to the medication and did not have panic attacks upon 
' reinfusion with lactate; the remaining three patients did not respond well 
to phenelzine and did reexperience panic attacks upon reinfusion with 
lactate. More recently our research group has administered lactate infusions 
to 25 patients with Panic Disorder; 16 experienced panic attacks. After 
clinical recovery with imipramine, and while still on the drug, eight were 
reinfused; not one experienced a panic attack. 


MECHANISMS OF OTHER PHOBIC CONDITIONS Less is known about 
phobic conditions that do not involve panic attacks. Some simple phobias 
can be explained on the basis of simple conditioning, for example the 
avoidance of large dogs after being bitten by one. Other such fears can be 
taught or modeled by parental figures. Still others have been interpreted as 
having symbolic or unconscious meaning, e.g. the fear of heights as due to 
an unconscious wish to commit suicide by jumping. Klein (19) has also 
noted that some cases of Panic Disorder are preceded by a long history of 
claustrophobia, which may be based on subclinical autonomic arousal and 
panic attacks being triggered by situations of confinement. 

The Social Phobias usually involve issues of low self-esteem. Usually the 
individual believes that others will detect signs of his anxiety in the phobic 
situation, creating a vicious cycle in which the irrational fear generates 
anxiety that in fact impairs performance. 


Pharmacotherapy 


TRICYCLIC ANTIDEPRESSANTS The recognition that imipramine 
would block panic attacks (1, 20-22) represented a major breakthrough in 
the treatment of anxiety and phobic disorders. Until that time agoraphobic 
patients with panic attacks had often been thought of as having a fear of 
open spaces or other specific situations, with long out-patient psychothera- 
pies devoted to an exploration of unconscious sexual and aggressive im- 
pulses; the phobically barred areas were seen as symbols of forbidden 
temptations. However, while patients given imipramine began to report a 
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dramatic decrease or cessation of panic attacks, many still appeared reluc- 
tant to change their phobic behavior patterns. Thus, it appeared that per- 
suasion, direction, support, or minor tranquilizers were often required once 
the panic attacks had been blocked to help patients extinguish their antici- 
patory anxiety, which was not ameloriated directly by the triċyclic an- 
tidepressants, and to reenter the phobically avoided situations. 

Once it has been ascertained that a patient is suffering spontaneous panic 
attacks and other medical and psychiatric conditions are excluded, a trial 
of imipramine is warranted. Interestingly, Panic Disorder patients are 
sometimes extremely sensitive to the drug, and become overstimulated on 
very low dosages, with jitteriness, irritabilizy, or unusual energy accom- 
panied by difficulty falling or staying asleep. In one series of 111 patients, 
Zitrin et al (22) found that 18% of the sample reported such side-effects on 
dosages of 5-75 mg per day. Thus, the recommended starting dose of 
imipramine for patients with panic attacks should be as low as 25 mg/day. 
Treatment schedules are described in greater detail in a recent publication 
(23). 

Accompanying this increased sensitivity to stimulatory side-effects is the 
fact that the panic attacks themselves often respond more quickly and to 
lower dosages of imipramine than are required to treat depressive disorders. 
Whereas depressed patients usually require 150-300 mg/day for a period 
of several weeks for a clinical response, patients with panic attacks often 
report immediate beneficial effects once the appropriate dosage is reached, 
which may be anywhere between 5 and 300 mg/day. Even those patients 
who show stimulant side-effects can most often be treated effectively by 
lowering the dose and then increasing very gradually, sometimes to a maxi- 
mum tolerated level of 10 mg/day (22). Patients should be warned in 
advance that unpleasant stimulatory side-effects do not preclude effective 
treatment; rather they suggest that the individual will clinically respond to 
minute doses of the drug. Finally, the measurement of plasma levels of 
imipramine and desimipramine in two patients successfully treated for 
panic attacks with imipramine 25 mg/day indicates that much lower drug 
plasma levels are required in this disorder than for depression, since one 
patient had a combined plasma drug level of between 55 and 60 ng/ml while 
the other had a level between 15 and 20 ng/ml (24). Depressives are gener- 
ally thought to require combined imipramine-desmethylimipramine plasma 
levels in excess of 180 ng/ml for clinical benefit from imipramine (25). 

Treatment should also include an investigation to determine the range of 
situations in which panic attacks occur, the common aspects of these situa- 
tions, and life events related to the onset or wcrsening of symptoms. Finally, 
support, persuasion, and direction, sometimes accompanied by anti-anxiety 
drugs such as benzodiazepines, may be necessary to help patients overcome 
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anticipatory anxiety and enter avoided situations, where they can begin to 
experience the fact that they will no longer have the panic attacks. This 
‘sometimes requires several months of gradually expanding activity, and can 
be adversely affected by a patient’s breaking through the medication and 
having an episode of panic. 

The question of how long to maintain the medication once symptom 
remission has occurred has not yet been clearly determined. As a general 
rule based on clinical experience, one can begin to taper the medication 
when a patient has been without panic attacks for 6-12 months. However, 
the disorder is usually episodic, and the patients should be advised that 
symptoms could reoccur at some future time, in which case they may need 
to go back on medication. While controlled data on relapse is sparse, one 
study found that of 11 agoraphobic patients who at least moderately im- 
proved after 26 weeks of imipramine and supportive psychotherapy, 4 
(36%) relapsed within one year after cessation of treatment (22). 


MONOAMINE OXIDASE INHIBITORS Monoamine oxidase inhibitors 
are also effective in blocking panic attacks and hence in treating phobic 
anxiety (26-29). Sheehan et al (30) recently reported a study in which 
phenelzine (45 mg/day) was at least as effective, if not more so, than 
imipramine (150 mg/day) in treating agoraphobics with panic attacks. 
These findings should not be construed, however, to indicate that phenel- 
zine is the drug of choice for agoraphobia. The dosages in this study were 
low; the study should be repeated using up to 300 mg of imipramine and 
90 mg of phenelzine. Also, given imipramine’s demonstrated effectiveness 
and the added risk of hypertensive reactions from monoamine oxidase 
inhibitors, phenelzine should be considered a second-line drug, and not 
employed until a vigorous trial with a tricyclic has been undertaken. 


OTHER CLASSES OF DRUGS Propranolol has also been given in an un- 
controlled clinical trial to patients with pathological panic states (31) and 
was found effective in treating acute pathological panic. However, brief 
trials of doses up to 20 mg four times daily did not alleviate chronic panic 
attacks associated with agoraphobia. Two such patients developed a phobia 
to the propranolol and discontinued it; one then had a prompt and complete 
remission with imipramine. In a second study of propranolol vs placebo in 
the behavioral treatment of agoraphobics employing repeated in vivo expo- 
sures to stressful situations, propranolol given in single 40 mg doses 90 
minutes before exposure negatively affected clinical response (32). The 
propranolol group spent significantly less time than the placebo group 
traveling alone in the month after treatment, and had improved significantly 
less on a measure of general symptoms at three months. The adverse influ- 


594 LIEBOWITZ & KLEIN 


ence of propranolol on treatment outcome appeared to be mainly due to a 
waning of drug effect toward the end of each five-hour exposure session. 

In- a detailed and thoughtful review of 16 controlled or partially con-- 
trolled studies of beta-adrenergic blockers in anxiety disorders, Cole et al 
(33) concluded that this class of drugs may Lave a weak anti-anxiety effect. 
Specifically, the drugs often appear more helpful with somatic than with 
psychic aspects of anxiety. This conclusion was also reached in a recent 
study by Noyes et al (34), who did a propranolol-placebo cross-over study 
in patients with panic disorder. As such, it is useful for treating the anxiety 
symptoms that accompany the fear of putlic speaking and other social 
phobias. However, no controlled study has systematically examined the 
specific efficacy of propranolol in blocking panic attacks. 

As mentioned before, minor tranquilizers are helpful in treating the 
anticipatory anxiety of Panic Disorder patients, but do not block the panic 
attacks. Preliminary findings of a controlled study by McNair & Kahn (35) 
appear to support this clinical impression. Panic attacks also are refractory 
to all classes of antipsychotic drugs, which may even exacerbate the condi- 
tion. Because these patients are often considered borderline, and seen as 
decompensating when in acute panic, antipsychotics are often administered 
with a worsening of symptoms, use of more drug, further worsening, etc, 
leading to a vicious cycle (1, 20). 

We are beginning to investigate the effect of clonidine on panic attacks. 
Clonidine is now used as an antihypertensive agent. Primate studies have 
shown, however, that clonidine, acting via a2-adrenergic receptors, blocks 
the effects of electrical stimulation and pharmacological activation of the 
locus ceruleus, a major noradrenergic nucleus involved in activity of the 
sympathetic nervous sytem (36). Since sympathetic discharge is thought to 
be associated with symptoms of anxiety, it seems reasonable to hypothesize 
that clonidine may block panic attacks by blocking sympathetic overac- 
tivity. Several studies now suggest that this is worth pursuing. Gold et al 
(37) found that clonidine blocked the physical manifestations of the opiate 
withdrawal syndrome, while Svensson et al (38) reported that the drug 
reduced anxiety in patients with anxiety neuroses. While no investigator has 
yet completed a formal study of the effects of clonidine on panic attacks, 
our own limited experience suggests that it may be useful for sceme patients. 


Behavior Therapy 

Behavioral treatments for phobia involve structured, programmed expo- 

sure, either in imagination or in vivo, to feared objects or situations. A 

variety of treatment techniques, most commonly systematic desensitization 

and flooding, have been applied to both Simple Phobia and Agoraphobia. 
Systematic desensitization involves having deeply relaxed patients ap- 
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proach or imagine themselves approaching a feared object or situation. 
Feared objects are arranged in a hierarchy and presented in a stepwise 
fashion, allowing gradual exposure. This contrasts with the technique of 
` flooding, which is based on the principle of immediate confrontation to the 
most feared stimuli until one’s anxiety abates. The difference can be likened 
to having someone who can swim but fears the water enter a pool from the 
shallow end and gradually work his way to the deep end, versus having him 
jump in at the deep end. These behavioral treatments have been adminis- 
tered in imagination by asking patients to visualize situations or presenting 
them with visual representations, and in vivo by having patients actually 
confront a feared situation or object. 

Many investigations have shown systematic desensitization to be effective 
for treating circumscribed or simple phobias, but to be less effective for 
agoraphobia (39, 40). These data fit our hypothesis that behavior therapy 
is most useful for helping patients overcome anticipatory anxiety, which is 
the main reinforcer of phobic avoidance in the simple phobias. This would 
also apply to those cases of agoraphobia not accompanied by a history of 
panic attacks, as well as those in which panic attacks occurred at the onset 
of the illness but had since ceased to occur. However, we would expect that 
agoraphobics still having panic attacks would find systematic desensitiza- 
tion alone to be much less useful. In such cases a combination ‘of drug 
treatment, to block panic attacks, and behavioral therapy, to overcome 
anticipatory anxiety and phobic avoidance, should be more effective than 
either treatment administered alone. 

These hypotheses were tested by Zitrin et al (22, 41), who conducted a 
26-week study of behavior therapy plus imipramine, behavior therapy plus 
placebo, and supportive psychotherapy plus imipramine in 218 patients 
classified as agoraphobics, simple phobics, or mixed phobics. The support- 
ive psychotherapy was dynamically oriented and nondirective, while the 
behavior therapy consisted of relaxation training, systematic desensitization 
in imagination, specific in vivo desensitization homework assignments, and 
assertiveness training. The agoraphobics all suffered panic attacks, while the 
simple phobics had discrete phobias such as claustrophobia, fear of animals, 
social phobias, etc. The mixed phobics had spontaneous panic attacks and 
circumscribed phobias, but no travel restrictions. 

Summarizing the patients’ ratings of global improvement, agoraphobics 
and mixed phobics who received imipramine did significantly better than 
those who received placebo. In addition, agoraphobics and mixed phobics 
who received behavior therapy plus imipramine did significantly better than 
those, who received behavior therapy plus placebo. Neither of these con- 
trasts were significant for the simple phobics group, who did equally well 
on all these treatment regimens. Thus: systematic desensitization without 
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concomitant drug therapy seems maximally 2ffective in phobics who are not 
experiencing ongoing panic attacks. 

Behavioral investigators have also treated phobics with flooding i in imagi- 
nation and in vivo. Barrett (42) found that flooding in imagination worked 
more quickly than imaginal desensitization with snake phobias; while 
Strahley (43) reported the same results for flooding in vivo. In a prospective 
cross-over study of nine agoraphobics and-séven “specific” phobics, Marks 
et al (44) reported that imaginal flooding {using frightening scenes) was 
significantly superior to imaginal. desensitization, according to doctors rat- 
ings and physiological measures. Patients self-ratings, however, showed no 
significant difference between treatment in relation to main phobia, total 
phobia, and anxiety. 

A third type of behavioral treatment falling midway between systematic 
desensitization and flooding has been termed “exposure in vivo.” Success- 
fully utilized with agoraphobics by Hand et al (45), patients in groups were 
exposed to what were for them increasingly difficult situations for four-hour 
periods on three days of one week. Zitrin et al (46) studied 76 agoraphobic 
women with combined group exposure in vivo and imipramine or placebo 
in a randomized double-blind study. A majority of the patients in both the 
placebo and imipramine groups showed moderate to marked improvement. 
However, group exposure plus imipramine was significantly superior to 
group exposure plus placebo on three of the four reported measures of 
improvement, including primary phobia, spontaneous panic, and global 
improvement. These data, which could not be accounted for by positing an 
antidepressant effect for the active drug, suggest that imipramine’s anti- 
panic effects augment the efficacy of group in vivo exposure for agora- 
phobia. 


. Case Report (continued) 

Before concluding we wish to provide a follow-up on the patient described 
earlier. She was started on imipramine (25 mg HS) and encouraged to enter 
into situations where panic attacks had occurred. After two weeks of treat- 
ment she was able to go to restaurants without difficulty, but had a panic 
attack in a grocery store. The dosage was gradually increased to 100 mg ghs, 
at which time the patient was able to go to restaurants, supermarkets, and 
department stores, and also ride buses. Within several months she had taken 
a highly responsible job and was feeling mare assertive and confident than 
she had in many months. However, she stil found herself feeling close to 
panic at times in business meetings or on elevators, and imipramine was 
increased to 150 and then 200 mg ghs. On this dose she was able to function 
well for several months in all the situations in which she previously had 
become panicky. 
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‘After 10 months of treatment, she was passed over for a promotion and 
then criticized by her boss. She then had two panic attacks while walking 
alone on the street. Imipramine‘was increased to 250 mg qhs. Her sessions 
at this time were scheduled at three week intervals and were mainly sup- 
portive, although the patient’s need for approval from, and difficulty both 
experiencing and expressing anger toward, male authority figures were. 
explored. With this regimen she reported herself free of panic attacks for 
four months, and was able to function well professionally, while continuing 
her satisfying social and marital relationships. She also noted in retrospect 
that during the months she had been symptomatic she always felt more 
vulnerable to panic attacks during that part of her menstrual cycle between 
ovulation and menstruation. 


Summary 

Recent advances in our understanding of and ability to treat panic disorders 
and various types of phobia have been reviewed. A case of agoraphobia was 
presented in detail to illustrate clinical issues and serve as a basis for 
discussing differential diagnosis. The presence ‘or absence of spontaneous 
. panic attacks has crucial implications for classifying phobic states. Data and 
speculations concerning the pathophysiology of agoraphobia, social phobia 
and simple phobia were also presented. Finally, a variety of pharmacologi- 
cal and behavioral treatment approaches, some solidly established, others 
still investigational, were discussed. 
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Almost two decades ago Holman et al (1) speculated that the genesis of the 
anatomic atherosclerotic lesion may be in childhood and may relate to 
excess intake of cholesterol and/or saturated fats. Subsequent studies sup- 
port many of Holman’s hypotheses. Coronary and aortic atherosclerosis 
‘was present in. at least one third of teenage soldiers autopsied by Enos et 
al (2) and McNamara et al (3). Considerable anatomic evidence suggests 
that the adult atherosclerotic lesion (fibrous plaque and mature fibrocalcific 
plaque) evolves during the first two decades of life (1-3). Evidence that the 
ubiquitous fatty streak of childhood is a precursor of the mature atheroscle- 
rotic lesion has been proffered, but is by no means conclusive; it is neces- 
sarily based on postmortem data without longitudinal follow-up. 

These and other studies have made it desirable to identify risk factors as 
early in life as possible, so that preventive measures can be introduced at 
a stage when they are most likely to influence the underlying pathologic 
process. The major established or suspected risk factors implicated in the 
development of atherosclerosis ` (elevated cholesterol, triglycerides, and 
blood pressure, early development of obesity, and smoking habits) can be 

recognized and dealt with in children. 


Hypertension 


Numerous epidemiological studies have implicated high blood pressure as 
a major risk factor associated with the development of atherosclerosis and 
its major vascular complications such as stroke and coronary artery disease. 
In the last decade there has been increasing awareness of, and interest in, 
hypertension as a pediatric problem. Since 1971 when Londe et al (4) 
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described hypertension in asymptomatic children, it has become generally 

accepted that essential hypertension, which affects 20-30% of American 

adults, has its origin and may be identified early in life (4-6). 

A familial tendency toward hypertension has long been suspected by 
clinicians and is confirmed by population studies. A significant correlation _ 
of the blood pressures of siblings has been demonstrated (7). Studies on 
twins suggest a genetic explanation by revealing a closer correspondence of 
pressures among identical than among fraternal twins; the latter, in turn, 

- correlate more closely than those of their siblings. However, environmental 
factors could explain the clustering of hypertension in families. Families 
share more than ganes; even spouses tend to share blood pressures to some 
extent, and this ir proportion to the duration of the marriage (8). 

Parent-child correlation of blood pressures tends to be greatest in families 
in which spouse aggregation is also present. Furthermore, there has been - 
no convincing demonstration of bimodality in the distribution of blood 
pressures. In 1971 Zinner et al (9) extended the findings of familial aggrega- 

‘tion of blood pressure to include children 2-14 years old. Although. this 
. tends to favor a genetic explanation, early environmental influences of 
realtively short duration could also startthe potential hypertensive patient 
on the road to overt disease. Proof of the environmental determinants of 
familial aggregaticn of blood pressure must still be awaited. However, their 
findings suggest that the process of essential hypertension, and ultimately 
its influence on the rate of atherogenesis, has its roots very early in life (6, 

_ 9). Most prospective studies of hypertension in adults also reveal that, 
despite its high prevalence, few entirely new cases evolve among normoten- 

sive persons after the age of thirty. Zinner et al (9) suggest that hypertension 
in adult life could possibly be predicted from the blood pressure pattern in 
youth. Direct evidence bearing on this is still awaited. 

The predictive value of childhood blood pressure levels for adult hyper- 
tensive disease can be indirectly assessed by measuring the tracking correla- 
tion, that is, the difference between blood pressure measurements made in 
the same subjects at two different points in time. This technique has proven 
useful in adults (10). Even though an individual child or adolescent may 
have quite marked variability in his or her blood pressure on a day-by-day 
basis, in groups of children followed longitudinally tracking apparently 
does occur, at least from the age of six months onward (11, 12). The 
magnitude of the tracking correlations in early life are, however, much 
lower than those reported for adults. 

With the availability of blood pressure distribution data for children and 
adolescents, better methods of measurement, and increased pediatrician 
awareness, increasing numbers of young persons are now being identified 
as hypertensive or at risk for developing hypertension in later life. 


PEDIATRIC ATHEROSCLEROSIS 603 


Blood pressure distribution curves for pediatric populations (10, 13) 
described by age, show a gradual increase in both systolic and diastolic 
values from infancy through adolescence. The Task Force on Blood Pres- 
sure Control in Children has proposed, therefore, that hypertension in the 
young should be defined as the presence of systolic and/or diastolic blood 
pressure levels persistently above the 95th percentile for any given year of 
life (13). The validity of the arbitrary cut-off point will be tested in the years 
ahead but has been complicated by the recent report by Voors et al (12) 
describing the influence of body size on blood pressure. From their studies 
it would appear that age has no direct relationship to blood pressure after 
adjusting for body mass. Considering the large variation in size of children 
at any given age, their proposed set of reference values for blood pressure 
that account for the child’s height or weight is an interesting and new 
concept. 

The relationship between elevated blood pressure in children and adoles- 
cents and obesity is well documented (14). It still remains to be determined 
whether this association is due to body mass per se, a relatively increased 
salt intake, altered salt handling, or a combination of these and other 
factors. 

The benefit of early therapeutic intervention, even by dietary means, is 
likely to remain extremely difficult to quantitate since the natural history 
of primary hypertension detected in childhood is largely unknown. There 
are few or no studies upon which to base even a reasoned risk-to-benefit 
judgment with respect to early intervention. No reports exist, as yet, on 
either the efficacy of long-term therapy or the possible adverse complica- 
tions associated with intervention. It is accepted (5) by a growing number 
of physicians that a persistently elevated diastolic blood pressure (> 95th 
percentile for age but < 100 mm Hg) in an otherwise asymptomatic child 
should be treated with weight loss if appropriate, combined with an exercise 
program and dietary salt reduction. While both weight reduction and salt 
restriction are still somewhat controversial as to their effectiveness in the 
treatment of essential hypertension in children, their use in the management 
of adult hypertensives has been well documented. 


Lipids and Lipoproteins 


The potency of total plasma cholesterol, low-density lipoprotein cholesterol 
(C-LDL), and high-density lipoprotein cholesterol (C-HDL) in the constel- 
lation of coronary heart disease risk factors dictates that careful attention 
be paid to levels of these lipids in children. Epidemiologic surveys of coro- 
nary heart disease (CHD) precursors in children indicate that differences 
in cholesterol and triglyceride levels appear early in childhood among cul- 
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tures (15), among race-sex groups within cultures (16, 17), and among 
socioeconomic groups within cultures (16). Distributions of pediatric lipids 
in countries having significantly less CHD are shifted markedly toward 
lower total cholesterol values compared to the distributions in countries 
having high rates of CHD morbidity and mortality (15). Since cord blood 
cholesterol levels have been generally similar (X = 65 mg/dl) in all coun- 
tries studied, the cross-cultural lipid-lipoprotein differences in older chil- 
dren are probably not “genetic” insofar as blood cholesterol levels reflect 
primarily “genetic” rather than “environmental” factors (18). Differences 
in lipid-lipoprotein levels appear by one year of age among countries and 
within countries between breast-fed and formula-fed infants. 

Evidence of (clinically) significant changes in total lipid profiles during 
adolescence suggests that the origins of the sex-related differentials in CHD 
risk occur at this time (17). Prior to onset of sexual maturation, differences 
in total cholesterol, triglyceride, C-HDL, and C-LDL between sexes are 
minimal and not consistent (17). 

Both cross-sectional and longitudinal evidences of a decrease in total 
cholesterol during adolescence have been reported. Based on a ten-year 
study of 35 boys and 28 girls, Lee (19) reported that 80% of the children 
experienced a decrzase in total cholesterol during adolescence. The Cincin- 
nati Lipid Research Clinic’s (LRC’s) Princeton prevalence study reported — 
a significant cross-sectional decrease in totel plasma cholesterol in white 
males and females and in black males, ages 12-16 years (17). There was also 
a significant increzse in plasma triglyceride for all sex-race groups during 
the same period. These cross-sectionally observed changes had not come to 
full expression by age 14 years (17, 20). Cross-sectional analyses of lipo- 
protein data indicate that the decrement in total cholesterol occurring early 
in male adolescence is due primarily to a significant decrease (>12%) in 
the antiatherogenic C-HDL, and in white females, to moderate, statistically 
insignificant decreases in both C-HDL and C-LDL (Table 1) (17). 

The significance of these adolescent changes in lipoptotein profiles is that 
the CHD-related sex-difference [males with higher C-LDL (atherogenic) 
and females with higher C-HDL (antiatkerogenic)] appears at sexual 
maturity. If lipoprotein levels were to track over time, then high-risk lipo- 
protein profile adalescents would become high-risks adults. Data from the 
Cincinnati LRC’s Princeton study (21) and from the studies in Muscatine 
(22) indicate that lipid and lipoprotein levels do track fairly well over time 
(4-6: years). 

In a four-year follow-up, children who were 7-14 years old when they 
entered Cincinnati LRC’s Princeton School District Study were found to 
have significant (P<.001) correlations between their plasma cholesterol 
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levels at year one and at years two (r=.65), three (r=.66), and four (7=.68) 
(21). Lower but significant correlations were observed for triglyceride (7 = 
.40). Both C-HDL and C-LDL levels as subsequent examinations (three 
and four years later) were very significantly correlated with initial lipo- 
protein results; C-HDL had correlations of .60 and .53 and C-LDL of .67 
and .61 at years 4 and 5. Similar correlations between total cholesterol 
determined at entrance and two, four, and six years later were found in the 
Muscatine study (22). 

From these data on tracking, one is led to speculate that, on average, 
adolescents with a total cholesterol and C-LDL in the highest age-specific 
quintiles of these distributions will become adults with total cholesterol and 
C-LDL in the highest quintile of these atherogenic distributions. That is, 
adolescents with total cholesterol >180 and C-LDL >110 mg/d] may well 
have levels of 240 and 160 mg/dl respectively as adults. 

The practicality of pediatric lipid and lipoprotein screening depends on 
case-finding efficiency, lability of lipids in children, and ability to intervene 
successfully. Case-finding efficiency in children is limited by the fact that 
cut-off points customarily used to separate “normal” from “abnormal” 
plasma lipid and lipoprotein levels are based on extreme percentiles (e.g. 
95th or 90th percentile) that, by definition, make a case a relatively rare 
event. Since C-LDL and C-HDL have a continuous relationship to CHD 
events throughout their distribution, it is suggested that risk detection 
should not be tied so rigidly to arbitrary cut-off points. This same problem 
is faced in adult screening; establishment of adult cut-off points can be 
informed by other strategems such as that level at and above which inter- 
vention has demonstrably beneficial effects (23). Since children with ele- 
vated risk factors exhibit clinical disease only in the rarest of circumstances, 
and since longitudinal data demonstrating taat children with elevated risk 
factors will be at increased risk to CHD as adults do not exist, such a 
stratagem is not practical. A body of data dozs exist, however, that suggests 
a link between pediatric risk factors and subsequent (possible) CHD, which 
can result in improved case-finding efficiency. These are the data on the 
familial nature of CHD and familial aggregation of CHD risk factors (24, 
25). 

First, children born to parents with early (< 50 years of age) myocardial 
infarction have significantly increased cholesterol levels relative to control 
children born to parents without early myocardial infarction (24, 25). In a 
reversed approach to the same problem, Schrott et al (26) compared cardio- 
vascular histories of first-degree relatives of children with high (> 95th 
percentile), intermediate (5—95th percentile), and low (< 5th percentile) 
cholesterol. They reported significantly increased cardiovascular mortality 
in families of high cholesterol children. Second, data from numerous studies 
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indicate that significant correlations for total cholesterol, triglyceride, C- 
HDL, and C-LDL exist between parents and their children (27-30). 

Data from the Princeton study indicate that children born in and living 
in households with at least one high-cholesterol parent (> age-, sex-, race- 
specific 95th percentile) were over twice as likely (P<.01) to have elevated 
cholesterol themselves (> age-, sex-, race-specific 95th percentile) (30). 
Thus, children whose parents are found to have elevations of lipids and 
lipoproteins should also be tested. 

The lability of pediatric risk factors raises the issue of the significance of 
a one-time measurement. For adults, the Framingham study has shown that 
a one-time measurement of total cholesterol, C-LDL, C-HDL, systolic, and 
diastolic blood pressure, severally and collectively do track and do predict 
future CHD (31). For children, there is a growing body of data, partially 
reviewed above, suggesting that blood lipids, blood: pressures, and body 
mass measurements do track fairly well. 

The effect of the phenomenon known as “regression toward the mean” 
on extreme values has been discusssed recently as legislating against pedia- 
tric screening (32). Briefly put, the “regression toward the mean” phenome- 
non means that, under conditions of repeated measurements, subjects with 
extreme values on one measurement will tend to have less extreme values, 
closer to the mean, on remeasurement (33). In the Princeton LRC’s study, 
42% (138 of 326) of children with total cholesterol > 205 mg/dl (the 95th 
percentile) had values below that cut-off point at retest (33). This fact does 
not, however, argue against pediatric screening. The mean total cholesterol 
for these 138 children at retest was approximately the 90th percentile. Since 
the risk to CHD associated with total cholesterol is continuous, this cohort, 
as a whole, represents an elevated risk group. Repeat testing prior to thera- 
peutic intervention is needed, however, to identify patients with sporadic or 
transient elevations and to evaluate fully and accurately the efficacy of the 
intervention. f 

Pediatric treatment of hyperlipidemia aimed at reducing elevated plasma 
lipid levels is ultimately directed to the primary prevention of atherosclero- 
sis. Although familial and acquired hyperlipidemias are associated with 
accelerated coronary heart disease, there is still a lack of consistent, un- 
equivocal evidence that treatment of hyperlipidemia, antecedent to a clini- 
cal or pathologic atherosclerotic event, will prevent or retard development 
of atherosclerosis. 

Whether the dietary intervention is a moderate one used for all popula- 
tions or tailored for the lipid elevation in limited populations of hyper- 
lipidemic children, it should be scrutinized carefully for both utility and 
potential hazards of modifying traditional dietary practices. In evaluation 
and recommendations of diets for young children, most attention has been 
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placed on the content of cholesterol and saturated, polyunsaturated, and 
total fats. A number of questions have been raised about the safety of 
low-cholesterol, high-polyunsaturated-fat, and high-phytosterol diets; 

1. Relatively high cholesterol intake may be necessary in the first year 
of life to satisfactorily induce cholesterol metabolic systems that would 
otherwise be less than optimally functional later in life (34, 35). This con- 
cern is based on observations of male, but not female, rats and swine. When 
fed cholesterol-rich diets in infancy, these animals had lower serum choles- 
terol levels when fully grown than did the control group initially fed low- 
cholesterol diets. However, these provocative findings have not been 
replicated in four studies of normal and hypercholesterolemic infants and 
children (36-38). 

2. Cholesterol is an essential nutrient in early infancy, and central and 
peripheral nervous system myelination might be affected by low-cholesterol 
intake at that time (39). However, almost all brain cholesterol is derived 
from endogenous biosynthesis (40), and it is unlikely that dietary choles- 
terol plays any important role relative to brain cholesterol. Moreover, Plotz 
et al (41) reported that in the brain of the human fetus, cholesterol is 
synthesized in situ from glucose. 

3. Cholesterol-lowering diets might lead tc overall deficiencies of essen- 
tial nutrients. As pointed out by Fomon (42) in 1974, cholesterol-modified 
diets would not restrict lean meat, fish, poultry, vegetable sources of protein, 
or skim milk. However, on strict low-cholesterol diets in two-year-old or 
younger children, iron requirements may not be met without some supple- 
mental iron provision (43). 

4. Low-cholesteral, vegetable-oil-rich, phytosterol-rich diets might ele- 
vate plasma and tissue phytosterol levels in infancy and childhood. In 
children on cholesterol-lowering diets and in infants receiving vegetable-oil- 
rich, standard commercial formula, three- to five-fold increments in plasma 
phytosterols have teen reported (44). In the first several months of life, 
vegetable oil formula-fed infants accrue plant sterols in their aortic tissue, 
although quantities are in micrograms as compared to milligrams for cho- 
lesterol. Much larger amounts of phytosterols are present in mature 
atheromatous lesions in adult. The relationship of tissue phytosterol to the 
deposition of tissue cholesterol in atheromatous and normal aortic tissue 
remains to be elucidated. 

5. There may be an enhanced incidence of gallstones on polyunsaturate- 
rich, low-cholestercl diets, a finding in adults by Sturdevant et al (45). 
However, Meittiner: et al (46) failed to find any excess of gallstones in a. 
carefully controlled study of subjects receiving a cholesterol-poor, polyun- 
saturate- and phytosterol-rich diet. 
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6. Diets rich in polyunsaturated fats have been suggested to be related 
to colonic cancer. The subject has been reviewed (47, 48), and both reports 
concluded that this idea is not supported by clinical experience, epidemio- 
logical research, or experimental studies. 

There is a vague and unspecified uneasiness that certain proposed dietary 
changes might be followed by currently unanticipated adverse conse- 
quences. The utility of making dietary changes must be balanced against 
this anxiety and against the supposition that diet would have significant 
beneficial effects. At the current state of the art, it appears that the benefits 
will be likely to overshadow both the known and unanticipated risks. 


Smoking, Drinking, and Oral Contraceptives 


Epidemiologic studies of environmental factors that affect C-HDL levels 
have identified obesity (12, 20) cigarette smoking (49), alcohol consumption 
(50), and use of estrogen-progestin oral contraceptives as having substantive 
` effects on adult levels of C-HDL (49). 

The Cincinnati LRC’s Princeton prevalence program studied the relation 
of smoking, alcohol consumption, and oral contraceptive usage to lipids and 
lipoproteins in school children, ages 12-19 years (51). After pair-matching 
for age, sex, race, and total cholesterol, adolescent children who reported 
smoking cigarettes (mean number of cigarettes daily was eight) had signifi- 
cantly lower C-HDL (-6.1 mg/dl) and higher C-LDL (+4.1 mg/dl) than 
nonsmokers. The mean decrement in C-HDL (—6.1 mg/dl) is well within 
the difference in C-HDL between CHD patients and controls of 4-7 mg/dl 
observed by Castelli et al (52). The smoking habit is usually acquired early 
in life, especially in adolescents who are exposed to it by their peers, siblings, 
and parents. Although it is unlikely that the cigarette habit represents a 
serious threat to cardiovascular health in adolescence, the toll is exacted 
later in life after the habit becomes established and the cardiovascular 
system is more vulnerable to its effects. 

The differences in C-HDL in adolescents who reported drinking alcoholic 
beverages twice a week or more frequently were in the expected direction 
(drinkers higher) but were not statistically significant (51). The frequency 
of drinking (twice a week) and quantity of alcohol consumed by this adoles- 
cent cohort (51) were considerably less than by adult men in the study of 
Castelli (50). 

Wallace et al (53) studied lipid-lipoprotein levels in 31 adolescents users 
of oral contraceptives and controls from the collaborative LRC study 
matched for age, race, and relative ponderosity. Adolescent females using 
oral contraceptives had significantly higher C-HDL and triglyceride, and 
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modestly higher C-LDL (53). No differences in the Quetelet index (weight/ 
height”) were found between users and nonusers (53). 


Body Mass 


The health hazard of being overweight has been appreciated for hundreds, 
if not thousands, of years. That fat people die earlier was emphasized by 
Hippocrates, and later Maimonides and others. However, some of the major 
epidemiological studies of CHD have not demonstrated an independent 
relationship between CHD and gross obesity (54). This is all the more 
unexpected since obesity and hypertension are correlated. Despite earlier 
evidence to the contrary, recent studies have shown a positive association 
with systolic and diastolic blood pressure, triglyceride and low-density 
lipoprotein cholesterol, while high-density lipoprotein cholesterol is nega- 
tively associated with ponderosity as measured by the Quetelet index or 
skinfold thickness (12, 20). 

The link between obesity in infancy and the condition in adulthood is 
inferred from a number of separate studies. Several connect overweight in- 
infancy to obesity at the age of 5-7 years, and others correlate mid-child- 
hood and early-adult obesity (55-57). Although no single study has fol- 
lowed children frem birth to adulthood, the inference for these separate 
studies is suggestive. These studies raise significant questions on the role of 
genetics vs nutritional excess. Is the weight attained a causal factor itself 
or merely an expression of some genetic predisposition? Several studies 
speculate that only a proportion of weight gain in infancy can be attributed 
to variations in dietary intake (56). It is still speculative if limiting weight 
gain in childhood will have any long-term influence on adult weight status. 
These questions cannot be answered with information now available. But 
the present data do indicate that it is possible to identify rather early a 
population at risk of becoming overweight adults. Whether that can or 
should lead to intervention remains to be clarified. 


Summary 

The exceptional growth in risk factor assessment and the efficacy of primary 
prevention in childhood of atherosclerotic and hypertensive diseases is the 
subject of entire books that have recently collated the results of multiple 
investigators (58, 59). It is a topic well beyond the constraints of this review. 
It appears that the major “adult” CHD risk factors, including elevated total 
plasma and low-density lipoprotein cholesterol, elevated triglyceride, re- 
duced high-density lipoprotein cholesterol, high blood pressure, obesity, 
and initiation of cigarette smoking can usually be recognized in children. 
There are, as yet, no longitudinal studies that control for one or more of 
these CHD risk factor variables to determine whether future development 
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of CHD could be prevented or ameliorated. In the absence of unequivocal 
longitudinal studies of efficacy of intervention, prudent, safe, and well- 
supervised interventions should be carried out only after exhaustive proof 
of diagnosis (58). The recently summarized data suggest that the hyperlipo- 
proteinemias, high blood pressure, obesity, and initiation of cigarette smok- 
ing can (with varying degrees of success) be dealt with during childhood and 
adolescence. 
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